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PREFACE 



TO THE FIRST EDITION. 



Thb present Work makes its appearance under many disadvantages. The circumstance of having been pub- 
lished in monthly numbers furnishes, of itself, an explanation of many imperfections ; for it can hardly be 
expected that works produced under the exigendes of periodical publication should be distinguished by the 
perfections which belong to literary leisure and fastidious elaboration. The time which the practical en^eer 
can devote to literary undertakings must, under any circiunstances, be inconsiderable, and the late pressure in 
the engineering world has further abbreviated this precarious leisure. I have been obliged to confide the greater 
portion of the theoretical part of the present work to some mathematical assistants, whose algebra has, I fear, 
sometimes risen to a needless luxuriance, and in whose superfine speculations the engineer may perhaps discern 
the hand of a tyro. The makers of steam en^es, again, have, for some time past, been so overwhelmed with 
work, that the drawings and other particulars of their machinery, which they had signified their willingness to 
furnish, they have in some cases been unable to send early enough to come in at the proper place ; and faults 
of arrangement have been rendered inevitable by these irregularities, which I could neither rectify nor control. 
I do not mention these impediments to a more perfect execution as an excuse for any faults the work may 
Gontun, which I am sensible cannot be materially extenuated by such pleas ; but I wish merely to suggest, 
that the demerits of an author or editor are not fairly measurable by the demerits of his work, when many of 
those faults have had their origin in the impropitious circumstances of its production. In spite, however, of 
its imperfections, I believe that the present Treatise on the Steam En^e is likely to prove the most useful yet 
published ; and it is the only one, I believe, which can be regarded as of a really practical character. Although 
falling far short of my conceptions of what such a work should be, I believe that it substantially fulfils the 
promise held out in the prospectus; and having now collected the rough materials, I trust to be able, should another 
edition be called for, to dear them of the dross by which they are now disfigured, and present them in a form 
that will in some measure justify the public approbation. In the haste of publication several errors have gdned 
admission, the more prominent of which are noticed in the errata. I am by no means insensible to the import- 
ance of rigid accuracy in works of any scientific pretension ; yet, inasmuch as I believe the errors of the present 
work will be found to be errors, not of ignorance, but, at the worst, of haste or inadvertence ; as they inculcate no 
false views, involve no dangerous fallacy, and, for the most part, carry their own correction, I believe that 
they cannot materially diminish the utility of the work, or impair the authority of its statements. 

The success of the present work, in a commercial sense, has long been put beyond doubt by the circu- 
lation it has reached ; and from the press it has received a greater measure of praise than, I fear, its merits 
justify. The preliminary and practical portions of the work have, for the most part, been executed by me, 
the disquisitions upon the slide valve and parallel motion are taken from the ^^ Artizan," and other portions of 
the work are by various members of the Artizan fraternity. In the practical part of the work I have been able 
to obtain but little assistance from previous authors, and many of the subjects discussed are now brought for 
the first time before the public. Mr. Farcy's work, though of great merit, gives but little information of any 
kind touching modem engines ; and Tredgold's work is chiefly made up of mathematical sublimities, which have 
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but little relation to practice. From this judgment must be excepted the admirable description by Mr. Eobert 
Stephenson of his locomotive engine, contributed to Tredgold's work ; but the utility of that description is greatly 
dimini s h ed by the changes Introduced into the locomotive engine since the time it was written, and by its own 
speciality, which, in the first instance, was its highest merit. The treatises of Dr. Lardner and Mr. J. Scott 
Bussell upon the steam engine, though most creditable performances, come scarcely under the denomination of 
practical works, and the same remark applies to the treatise by Pambour ; so that the domain of practical detiul 
appears to have been but little explored by engineering authors, or, if explored, the public have not profited by 
the research. The practical part of the present work may, therefore, be regarded as a first attempt ; and if 
the diflficulty of the undertaking be consequently greater, so should the lenity be with which it is regarded. 

To the leading engineers of the country my acknowledgments are due for the drawings they have furnished, 
and the many aids they have lent to the present undertaking. I have also to acknowledge the kind aid and 
encouragement afforded by Sir Kobert Peel, through whose friendly offices Her Majesty's patronage was first 
pven to the work, and through whom the permission is now conveyed for its Dedication to Her Majesty. The 
Artizan classes will, I am sure, appreciate these courtesies — for to them are they addressed. 

JOHN BOURNE. 

ApriJ, 1S46. 



PREFACE TO THE THIRD EDITION. 

The demand for this work having exceeded my expectations, and I fear I must also say its own deserts, I have 
made an attempt in this edition to introduce such improvements as will render it more deserving of the public 
approbation. In the introductory remarks upon the subject of boilers, and in various other parts of the work, 
much improvement will be visible ; and I have introduced some additional plates and cuts, with the view of 
bringing up the information the work contains to the present state of science. No work more speedily becomes 
antiquated than a Treatise on the Steam Engine; but this result, it is obvious, may be in a great measure 
obviated when a new edition is called for every year. 

On a former occasion I expressed my acknowledgments to the leading engineers in the country for the many 
uds they had lent to the present undertaking ; but there are still some persons who place their trust in secrets, 
and who can afford no more charitable supposition, when they see an acquaintance with steam machinery 
exhibited, than that their secrets must have been filched by some clandestine process. Some of these persons 
have been making insinuations in reference to this work, which I shall not notice farther than to say that if set 
before the public, the revelation would render them but slender service, and their prudence will probably suggest 
the inexpediency of such an exposure. It is a presumption at least, that a work is useful, when the miun 
objection brought against It is that it tells too much ; and those only can impute such a fault, who will not 
imderstand that it must be by other means than by the aid of certain recipes of perfection, that eminence Is to 
be perpetuated or attained. 

JOHN BOURNE. 

London, December 80th, 1 848. 
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A TREATISE ON THE STEAM ENGINE. 



PRELIMINARY DISCOURSE, 

A TRSATTSB OH the Steam Engine would, ire suppose, hardly be reckoned 
orthodox if it began in any other way than with an account of the doings 
of Sayery, Papin, and the other patriarchs -whose names figure in the 
history of steam invention. The devices indeed of these ancient worthies bear 
very little resemblance to the modem steam engine, and can throw but 
little light upon its structure or mode of operation ; but it was out of 
these primitive contrivances that the modem steam engine arose, and they 
derive a sufficient dignity from that relationship to make them the objects 
of a just curiosity. We think, therefore, that some slight sketch of the 
expedients employed in the early career of steam improvement is but a 
reasonable prelude to a Treatise on the Steam Engine, and is indeed indis- 
pensable to the integrity of such a work : But we fear our qualifications 
for the task are by no means so conspicuous, for delineations of this kind 
require a light and graceful pencil, and become intolerable in the hand of 
a vulgar limner. The great art lies in saying just as much as the necessity 
of the case requires, and nothing more ; for a histonr of the steam engine 
is the least important part of a treatise on that subject, and only deserves 
a space answerable to its insignificance ; whereas by needlessly expanding 
this part of the work, or by elaborating trivial schemes into importance, 
the proper subordination of objects is destroyed, and all those discriminating 
shades are obliterated which constitute the excellence of the picture. To all 
this we must add that people in these utilitarian days have neither time nor 
inclination to listen to long-winded descriptions of exploded projects in 
steam machinery, though they mi^ht like well enough to know something 
of the nature of those expedients if it can be told them in a few words: 
But they are not likely to perplex themselves with such inquiries as, who 
first forced water above its level by steam pressure, or solicited it to rise 
by a partial vacuum ? and to say the truth, such inquiries appear to us of 
mbout as much importance as the researches of those learned grammarians, 
who spend a lifetime in restoring a dative case, or adjusting a metre or an 
accent. The task, too, of resolving these frivolous problems is quite as 
tedious a one as that undertaken by the learned persons aforesaid; for 
after having ascended through history, by a most toilsome progress, to the 
first person guilty of disturbing the equanimity of water by steam pressure, 
the shade of some learned recluse who flourished in ancient times in China 
it may be, or Japan, will probably rise up with proofs of a still higher 
priority, and the idol just set up for universal adoration will be cast into the 
dust by this new authority, to be overthrown in its turn by the researches 
of subsequent enquirers. The fact appears to be, that the power of steam 
to raise water above its level was widely known in very ancient times, and 
appears to have been occasionally employed by the Greeks and Egyptians 
for trivial, or rather for unworthy, purposes : But it is in modern times only 
that steam has been adapted to ends of weight or utility, and the history of 
the steam engine properly begins with that application. 

It is not to be expected that the historical narration on which we are 
about to enter should contain much that is new. The facts with which we 
must necessarily deal have often been stated before, and we believe now 
admit neither of much increase nor modification ; but it is not impossible, 
we think, to set these facts in truer lights, and to deduce from them sounder 
conclusions than have yet been realised. It appears to us to be a vice of 
many commentators, that they have attached too much importance to the 
deeds of individual projectors, and have estimated at far too low a rate the 
current intelligence of the time, of which indeed the proficiency of those 
exalted persons is to be regarded as merely the exponent They have set 
down the early progress of the steam engine as due altogether to the per- 
spicacity and contrivance of a few solitary adventurers, without hinting 
thai some part of it might reasonably be ascribed to that spread of informa- 
tion and general advancement of knowledge to which that progress is in 
truth mainly attributable. The consequence of this fault is, that a host of 
projectors are made to * shine aloft like stars,' whose merit, when tested by 
the general information of their own time, foides into insignificance. They 
stand, it is true, in the van of improvement, but the elevation due to the 
existing state of society is measured as a part of their intellectual stature ; 
and while they are each pres'^nted to the imagination like a precipice start- 
ing abruptly to the skies in solitary and awful majesty, they are in truth 
oiuy to be regarded as so many heights, which, whatever be their absolute 
althnde, rise only a few feet above the other heights around them. It is 



absurd, therefore, to seek to elevate any of the early projectors of the 
steam engine into greatness, for they were one and all persons of only 
ordinary mtelligence and assiduity, of which every age has produced its 
thousands ; and the progress they made was owing rather to the natural 
flow of events than to any great genius or foresight on the part of any one 
of them. It is still more idle to set down an^ one of these persons as the 
inventor of the steam engine. Great inventions are necessarily of a slow 
growth, and are rarely the produce of individual minds, but require time 
and experience as well as ingenuity to bring them to maturity, and indeed 
the happiest steps are sometimes the effect of accident In the intellectual 
as in Uie material world, the most precious productions are those which 
cannot spring to perfection at once, and it would be as reasonable to inquire 
to what refreshing shower, or to what gleam of sunshine, the stature of a 
stately oak is attributable, as to what individual mind we are indebted for 
the creation of our modem steam engine. The exertions of different 
minds are merely so many agencies that have been happily conducive to a 
great result ; and it would be as just to assign the invention of our 
modem men-of-war to Jason, as to assign the invention of the steam engine 
to Savery or De Cans. 

But whatever be the merit that is due to these * sons of notoriety,' it is 
we think divisible only among those of them who have been instrumental 
in working out some practically useful result The mere men of specula^ 
tion, who have suggested modes of doing things, but have never done them, 
are not to be ranked with those who have really accomplished something, 
in a case where the whole difficulty of the task hes in its practical achieve- 
ment Whatever else these ingenious persons may be, they are certainly 
not among the number of the improvers of the steam engine ; and their 
claims, if to be considered at all, ought in strictness to be considered as the 
claims of a distinct class of persons. Nor can the merit of such a class, 
under ordinary circumstances, be considerable, for there is nothing more 
easy than to originate vague ideas of improvement, though it is generally a 
very difficult thing to carry those ideas into succe^ful practice. M. Arago, 
however, and his followers it seems, have set the steam engine down as a 
French invention, because Solomon de Cans flrst adopted the idea of steam 
as a motive force, and Papin suggested the application of the cylinder and 
piston. It would be as reasonable, in our apprehension, to set down the 
battle of Waterloo as a French victory, because Napoleon adopted the idea 
of fighting it ; for the question in all such cases is, not who first adopted an 
ideal result, but who actually realised that result in practice. The scheme 
of Solomon de Cans was neither useful nor new, and Papin's project was 
so impracticable, that he himself abandoned it in favour of Savery's scheme. 
We have no evidence that either of those persons ever completed an engine 
of any kind. Papin's scheme, as he first proposed it, was worse than the 
previous project of the Marquis of Worcester, for it was without a boiler ; 
and after several gyrations he certainly left the steam engine in as imper- 
fect a state as if he had never meddled with the subject If, therefore, we 
were disposed to retort upon M. Arago his pitiful nationality, we might 
with some plausibility say that his proofs only show the lamentable barren- 
ness of the French intellect ; for the very ideas which, in the minds of 
Englishmen, have quickly grown up to a rich maturity, and have blessed 
all nations with countless new enjoyments, have, when implanted in the 
minds of Frenchmen, invariably failed to produce any useful result But 
this is idle. The steam engine happens, no doubt, to be flrom first to last 
an English invention ; but that result, we conceive, is not so much to be 
attributed to the superior genius of the English people as to the force of 
circumstances, which made some such instrument as the steam engine more 
valuable to England than to other nations. If France had possessed valu- 
able mines lying under water, and at the same time an abundance of coal 
ready to be made instrumental for their recovery, there is every reason to 
suppose that the steam engine would have been a French invention ; and 
we think the consideration that our honours are the result merely of acci- 
dent, ought to reconcile that ingenious people to a priority it is idle to 
contest No nation can be expected to excel another nation of equal power 
and intelligence in every thing ; and if it be the fact, as we willingly admit, 
that the French excel us in some things, they must be content to give us 
the palm in others, one of which certainly is steam engineering. — There 
is no end, however, of these speculations, and we fear they are neither 
very captivating nor very convincing ; so that we shall here cut them 
short, and proceed without further preamble to the history of the invention. 

B 



Preliminary Discourse, — Hero, De Garay, Porta, De Cans, and Branca. 



The history of the steam engine is divisible into five great epochs. The 
first extends fh>m the times of the ancients to the first effectual application of 
the boiler, which appears to have been accomplished by the Marquis of Wor- 
cester, and it was this single step that turned the toys of Hero and De Cans 
into a true and useful steam engine. The second epoch is distinguished by 
the employment of a vacuum as an aid to the simple pressure of the steam. 
The third epoch relates to the successful application of the cylinder. The 
fourth to the condensation of the steam by injection, to the movement of 
the valves by the engine, and to the varioos improvements in detail, which 
were carried into effect by Smeaton. The fifth epoch is that distinguished 
by the application of the condenser, and the other improvements of Watt, 
which brings down the history to our own times; as since the steam engine 
left the hand of Watt, no improvement involving a new principle has been 
added to the list. Under each of these heads we have a few observations 
to offer. 



FBOaC THE TiaiES OF THE ANCIENTS TO THE INTRODUCTION 07 THE 

FIB8T FEASIBLE STEAM ENGINE. 

The ancients appear to have had very vague notions of the nature of 
steam. They beUeved in the existence of only four elements — fire, air, 
earth, and water ; and thought that water was turned into air when dis- 
sipated by evaporation. Thus Plato says, ** That which we now call water 
becomes as a stone, or solid, but being melted and diffused becomes gas or 
air ; " and it was the prevalent notion of his time, and of many subs^uent 
ages, that water is turned into air by heat. In consequence of this mis- 
conception, it is often difficult to understand, in the description of ancient 
pneumatic contrivances, whether steam or air was the moving power, and we 
have indeed generally to form our conclusion on this head from the nature 
of the arrangement We have, however, very clear evidence that both 
steam, and air expanded by heat, were often used by the ancients as motive 
powers, and some of the expedients employed for that purpose are of con- 
siderable elegance. In a work which has been often referred to, entitled 
Spiritalia seu Pneumatica^ written by Hero, a philosopher of Alexandria, 
about 130 years before the Christian era, a variety of devices are set forth 
for elevating liquids, and obtaining rotatory motion by means of air and 
steam, of which we shall only enumerate those in which it is beyond doubt 
steam was the agent. The first of these is a method of causing wine to fiow 
from the hands of effigies set beside an altar, after the fire upon the altar has 
been lighted. A steam-tight vessel or vase, containing wine, is placed within 
each effigy, and the altar is made hollow, and is partly filled with water, 
bent pipes being conducted fh)m the space above the water in the altar to 
the spaces above the wine in the vases, and other tubes again being led 
from beneath the level of the wine in the vases to the hands of the effigies. 
When, therefore, says Hero, you are about to sacrifice, you must pour 
into the tubes a few drops, lest they should be injured by heat, and attend 
to every joint, lest it leak ; and so the heat of the fire mingling with the 
water will pass in an aerial state through these tubes to the vases, and press- 
ing on the wine make it pass through the bent syphons, until, as it fiows 
from the hands of the living creatures, they will appear to sacrifice as the 
altar continues to bum. 

The instrument for the production of rotatory motion is one of great 
ingenuity, and has aU the qualities of a true and efficient steam engine, 
except its size. This instrument is called the .£olipile, and is identical in 
all its material features with the engines lately constructed by Avery in 
America, and Ruthven of Edinburgh, in this country. These engines are 
^ore expensive in steam than ordinary engines, and travel at an incon- 
venient speed ; but in other respects they are quite as effectual, and their 
construction is extremely simple and inexpensive. The substance of Hero's 
recipe for the construction of an .^olipile is this. Let a boiler be set on the 
fire, and nearly filled with water, and let its mouth be closed by a cover which 
is pierced by a bent tube, whose extremity fits exactly into a hollow sphere. 
But at the opposite end of the diameter (of the sphere) let there be an iron 
axis supported from the top of the cover, and let the sphere have two bent 
pipes at the ends of a diameter of the sphere, perforated therewith, and 
bent round in opposite directions ; and let the bends make right angles, 
and be in the plane perpendicular to the axis. Then it will follow that the 
boiler being heated, the vapour passing through the tubes into the sphere will 
rush out through the reversed pipes, and whirl the sphere round on its axi& 

Hero specifies another modification of this instrument for giving motion 
to automaton figures, so as to induce the idea of supernatural intervention 
among the superstitious multitude by whom the heathen temples were fre- 
quented ; but here heated air, instead of steam, is made the /mmtim molnU^ 
in order that the inciting power may be invisible. There is no doubt that 
pneumatical contrivances were extensively employed by the priests in 
ancient times for deluding the people, and it is easy to conceive that such 
treatises as that of Hero, which discovered the nature of those pious frauds, 
must have been the occasion, at the time, of infinite scandal. The cele- 
brated statue of Memnon, which uttered sounds every morning at sunrise, 
was, no doubt, indebted to some such artifice as one of those described by 
Hero for its mysterious power. Very few of the devices he mentions are 
of his own invention, but most of them existed for ages before his time, 
although the knowledge of their structure and mode of operation appears 
to have been confined chiefiy to the priests. 



On the revival of classical learning throughout Gothic Europe the work 
of Hero attracted earnest attention, and several translations of it were made 
which afforded an early exercise to the infant art of printing. A know- 
ledge of the expedients of the ancient mechanicians was thus widely 
diffused, and it was probably one of them that was reproduced in Spain in 
1543 by Blasco de Garay, a sea-captain, for the propulsion of vessels. This 
contrivance, whatever may have been its real nature, appears to have been 
very effectual. Commissioners were appointed by the Emperor Charles V. 
to test the invention at Barcelona on the 17th of June 1543, and the result 
was that a ship of 200 tons burden was propelled by the machine at the 
rate of three miles an hour. Nothing further is known of the invention 
than that the vessel was propelled by paddle wheels, and that the moving 
force was derived from a boiler containing water, which, it was said, was 
liable to explode. It appears unaccountable that after the successful result 
realised by Garay, no further step should have been taken respecting his 
plan. He was rewarded by the Emperor, and promoted into a higher rank, 
but his ingenuity does not appear to have been ever turned to any usefid 
account, and his scheme was never introduced into practice. 

The various works on mechanics, published about the close of the six- 
teenth century, are full of expedients for the elevation of water similar to 
those of Hero, but much less refined ; and Baptista Porta, in his book on 
Pneumatics, published at Naples in 1601, incidentally niakes mention of 
the following contrivance, not indeed as any discovery of his own, bat 
merely as an arrangement of convenience, in an experiment for ascertaining 
the relative bulks of water and steam. ** Construct a box of glass or tin, 
having a hole at the bottom through which is introduced the neck of a flask, 
containing one or two ounces of water, and let the neck of the flask be so 
luted to the bottom of the box that there be no leakage. Near the bottom 
of the box let a pipe ascend, but at such a distance from the bottom as to 
permit the water to get out, which pipe passing through the cover is to rise 
a short distance above it The box is to be filled with water by an aperture 
which is afterwards to be closed up, steam tight This being done, place 
the flask upon the fire, and as it becomes slowly heated, the water being 
gradually dissolved into air will press upon the water in the box, and acting 
forcibly against the water which issues through the pipe, will not escape : 
and if we continue the heat, the whole of the water subjected to it will be 
evaporated, and during such evaporation the air will constantly press upon 
the water in the box, and the water will constantly spring from it" A 
similar arrangement is mentioned in a work by Solomon de Caus, a native 
of Normandy, or at all events a Frenchman ; not for the philosophical 
purpose mentioned by Porta, but merely as an illustration that water might 
be raised above its level by fire, a truth known from the remotest antiquity. 
The work of De Cans, to which we have referred, is entitled Les RaisoM 
dea Forces Mouvcmtet avec divtrses Machines Utnt utiles que plaisantes, Paris, 
1623. This work is dated Heidelberg, 1615, and the first edition appears 
to have been published at Frankfort: it contains the following among 
several other theorems of equal insignificance : — " Take a ball of copper well 
soldered at every part ; it must have a vent-hole to put in the water, and 
also a tube which is soldered to the top of the ball, the end of which up* 
proaches near to the bottom of the baU without touching it After filling 
this ball with water through the vent-hole, stop it close and put it on the 
fire ; then the heat striking against the ball will cause all the water to pass 
through the tube." De Caus idso mentions a scheme of a solar fountain, but 
it as well as the preceding, are merely clumsy imitations of some of the 
contrivances described by Hero. He gives the following illustration of the 
great force of steam : — ** Take a ball of copper of one or two feet diameter, 
and one inch thick, which being fiUed with water by a small hole sub* 
sequently stopped by a peg, so that neither air nor water can escape, it is 
certain tJiat if the said ball be put over a great fire so that it may become 
very hot, it will cause so violent a compression, that the baU will be shat- 
tered in pieces." The great force of steam, however, was very well knowa 
to the ancients, who even went the length of ascribing earthquakes to pent 
up vapours, generated by subterranean heat ; and for ages the lime burners 
of Italy had been obliged to be carefUl of introducing hollow limestones 
into their kilns, as the water within them, when converted by the heat into 
steam, caused dangerous explosions. M. Arago, however, tells us that the 
ideas of the ancients respecting the force of steam had never reached any 
thing like the numerical appreciation realised by such experiments as those 
of £& Caus. We confess that we are at a loss to understand wherein this 
numerical appreciation can consist for although De Caus or Rivault may 
have ascertained that steam will burst a certain ball or bomb, they never 
ascertained what sort of ball or bomb steam will not burst so that they 
did not establish any limit to the power of steam, but only showed that it is 
capable of very powerful effects. This, however, was known long previously ; 
and in attributing to the force of pent up steam even such stupendous com- 
motions as earthquakes — the upraising of continents and rending asunder 
of mountains — the ancients must have had at least quite as magnificent ideas 
of the force of that mighty agent as is to be afforded by the bursting of a 
ball or bomb, and we cannot perceive in what way an experiment establishes 
any thing which only proves that the power of an agent is adequate to the 
production of effects far more paltry than are known to be within the range 
of its capacity. 

A contrivance for obtaining a rotatory motion from steam is described by 
Giovanni Branca, in a work published at Rome in 1629, entitled Zs 
Machine ; volume nuwo et di multo artificio da fare effeiti maraviglioat 
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ft tanto spiritali qtutnto di animale operatione. This contrivance consists of 
a wheel Airnished with boards set round its periphery', after the manner of 
an undershot water wheel, against which a jet of steam proceeding from a 
boiler is made to impinge, thereby forcing the wheel into revolution. An 
engine on this plan would necessarily be very ineffectual, and would indeed 
be greatly inferior to the JEoUpilc of Hero, for although it is undoubtedly 
the fact that the power of steum issuing from an orifice is expended in 
firing velocity to its own particles, and ought therefore, theoretically 
speaking, to be again surrendered hj those particles during impact, ^et 
this result cannot be realised in practice, and the great velocity at which 
the wheel requires to travel, makes the scheme perilous and impossible. 
Jklr. Pllbrow, however, has during the past year revived this species of | 
engine, and has taken out a patent for the particular arrangement he pro- 
poses. His engine is described and delineated in the first volume of The 
Artizam, and the causes are there pointed out, with considerable fulness 
of detail, which must prohibit its success. 

The whole of the contrivances we have hitherto ennmerated are mere 
mechanical toys, and although not incapable of useful applications, they 
appear only to have been employed to excite the wonder of the ignorant, 
and were never used for any serious purpose. To this judgment indeed 
the machinery of Blasco de Garay is an exception, for in that case, if the 
reports which have reached us may be relicnl upon, a useful residt was 
andoabtedly realised. Yet this result contributed nothing to the success 
■absequently reached, and is rather an episode in the history of steam im- 
provement, than a link in the chain of progress. The trial of De Garay*s 
machinery indeed was a mere experiment, a successful one it is true, but 
one nevertheless which was barren in its effects, for in a few years all 
recollection of the achievement had become obliterated, and the contrivance, 
whatever might be its merits, was certainly never reduced to successful 
practice. It appears extremely probable that the machinery employed by 
De Gamy was merely the ancient /Eolipile on a superior scale of mag- 
nitude, for the low state of the mechanical arts in his time, and the small 
mechanical refinement to be expected of a sea-captain, equally discourage 
the idea that he should have reached any very exquisite or difficult kind of 
mechanism. It is idle, however, to speculate on such a subject, and we 
most therefore rest content with the certainty that the scheme of this enter- 
prising person was never brought into practice, and that up to the epoch 
at which we have now arrived no useful application of steam power to the 
purposes of life had been accomplished. 

The next name on our list is the Marquis of Worcester, who in 1G63 
published a pamphlet addressed to King Charles II. and the English Par- 
liament, entitled ** A Century of the Names and Scantlings of the Marquis of 
Worcester's Inventions," with the view to obtain the aid of government for 
their prosecution. Among many ingenious and some fantastic and preposte- 
rous devices, we have the following fire water- work, "An admirable and most 
forcible way to drive up water by fire ; not by drawing or sucking it upwards, 
for that must be as the philosopher calleth it *■ infra sphicram activitatis,' 
which is but at such a distance, but this way hath no bounder if the vessel 
be strong enough ; for I have taken a piece of whole cannon, whereof the end 
was burst, and filled it three quarters full of water, stopping and screwing 
np the open end, as also the touch-hole, and making a constant fire under 
it ; within twenty-four hours it burst, and made a great crack, so that having 
a way to make my vessels so that they are strengthened by the force within 
them, and the one to fill after the other, I have seen the water run like a 
constant fountain stream, forty feet high. One vessel of water rarefied by 
fire driveth up forty of cold water, and a man that tends the work lias but 
to turn two cocks that one vessel of water being consumed another begins 
to force and re-fill with cold water, and so successively ; the fire being 
tended and kept constant, which the self-same person may likewise abun- 
dantly perform in the interim between the necessity of turning the said 
cocks." _ 

This is the first feasible scheme for raising water by steam power that 
history records, and it is in that application that the modem steam engine 
had its origin. Previous projectors had in no way improved upon the 
expedients described by Hero, and indeed in by far the msjority of cases 
the movement had been retrograde ; but in the Marquis of Worcester's 
contrivance we have an engine of respectable efficacy applied to a weighty 
purpose, and from his time the progress onward has never been interrupted, 
but improvement has followed upon improvement, until the steam-engine 
has become what we now find it It is idle to say that the Marquis of 
Worcester's project was only a reproduction of that of De Cans. The 
instrument of De Caus was a mere tov, not intended, and certainly not 
adapted for any purpose of practical utility, whereas the Marquis of Wor- 
cester enumerates many important practical uses, to which his engine might 
be applied, and many of them it certainly would have been perfectly com- 
petent to compass. In another part of his Century he says that his water 
work '^ is by many vears* experience and labour so advantageously by me 
cootriTed, that a child's force bringeth up an hundred foot high, an incre- 
dible quantity of water, even two foot diameter, so naturally, that the work 
will not be heard into the next room, and with so great ease and geometrical 
symmetry, though it work day and night from one end of the year to the 
oiher, it will not require forty shillings' reparation to the whole engine, nor 
hinder one day's work, and not only with little charge to drain all sorts of 
nines, and furnish cities with water though never so high seated, as well 
M to keep them sweet, running through several streets, and so performing 



the work of scavengers, as well as furnishing the inhabitants with suffi- 
cient water for their private occasions." 

It appears very clear from these descriptions that the Marquis of Wor- 
cester not only had succeeded in making a powerful and effective engine, 
but had arrived at a very just conception of the important ends such a 
machine may be made to fulfil. None of the contrivances before his 
time were provided with means to make their action continuous, and the 
instrument of De Caus, so far from being adapted to raise water from a 
mine, or for the supply of towns, had merely the power of emptying itself 
of the boiling water with which it was filled. Indeed, it appears undeni- 
able that the Marquis of Worcester was the first person, so far as our 
present knowledge extends, by whom " a water-commanding engine " of 
any power or utility was constructed, and he seems to have brought his 
contrivance to nearly all the perfection of which that species of engine is 
susceptible. There is no evidence that he made use of the atmospheric 
pressure as an aid to the final effect, but he seems perfectly conscious of 
the applicability of that agency, and indeed speaks as if such an application 
was very well understood in his time. We are not aware that there is any 
drawing extant of this machine ; and the various hypothetical delineations 
of it that we have seen err, we think, in representing it as provided with only 
one boiler, for there could not in this kind of engine have been any feed- 
pump, and in the absence of that instrument two boilers must have been 
indispensable to make the action of the engine continuous. Besides the 
description says, that " one vessel of water being consumed another begins 
to force, and refill with cold water," which we take to mean that when 
the water of one boiler was evaporated it was filled up with cold water, and 
the other was in the meanwhile put into operation ; the water in the boiler 
last filled having again become hot before that in the other was exhausted. 
One of these engines appears to have been set up to draw water out 
of the Thames at Vauxhall, and is thus spoken of by Cosmo de Medici, 
who inspected it in 1653. ** It raises water more than 40 geometrical feet by 
the power of one man only, and in a very short space of time will draw up 
four vessels of water tlirough a tube or channel not more than a span in 
width, on which account it is considered to be of greater service to the 
public than the other machine near Somerset House," which last was one 
driven by two horses. We should be disposed to infer from this account, 
that the principle of the atmospheric pressure was emploved in this engine, 
for it is difficult to see by what power, other than suction, the necessary 
rapidity of motion could be given to the water in the pipe leading from the 
river to the engine, and which would appear to be smaller than the pipes 
applied in other cases. 

We have now, then, brought the history' of the steam engine down to the 
point at which its application to purposes of utility begins, and we believe 
most of our readers will concur with us in the opinion that the Marquis of 
Worcester's " water-commanding engine " was the first machine moved by 
fire of efficacy and permanence. To it, indeed, the pedigree of the modem 
steam engine is easily traceable, while between the epochs of Lord Wor- 
cester and of Hero nothing appears to have been contrived of novelty or 
merit in this department of ingenuity. We are not disposed, however, to 
attach any great merit even to Lord Worcester'b contrivance, for it is 
deducible, without any great stretch of the imagination, from the schemes 
of Hero ; and indeed there is very little doubt that the ancients would have 
realised a very effectual steam engine if they only had possessed mines 
that required to be drained, and coal to bestow on such a purpose. It is to 
the force of circumstances chiefly that the superior proficiency of the present 
age in such devices is to be ascribed ; and we hold it vicious in principle to 
confound this impelling power with the ingenuity appertaining to particular 
inventors, and which nature dispenses with wonderful uniformity to all 
generations. 

rUOM THE INTRODUCTION OF THE TIUST USEFUL 8TEAX ENGINE TO THE 
APPLICATION OF THE PRINCIPLE OF A VACUUX. 

We have already hinted our belief that the method of raising water by 
the action of the vacuum, or to speak more properly, by the atmospheric 
pressure, was not unknown to the Manjuis of Worcester, and that in one 
of his engines erected at Vauxhall that agency was probably employed. 
We have no proof, however, that such was the case ; and in the description 
of his engine in the ** Century of Inventions,'* he certainly disclaims the 
use of a vacuum, at least as a chief agent. In the engine of Captain 
Savery, however, of which we must now say something, the plan of a 
vacuum is introduced with much effect, and instead of the water in his 
engine being forced up all the way by steam pressure, the receivers, or 
forcing vessels, are situated thirty feet above the level of the water, to 
which height the water is drawn by the vacuum created within them. As 
the principle of the atmospheric pressure is one which bears much upon 
this inquiry, it may be worth wliile to say a few words respecting it. 

It was maintained by the greater number of the ancient philosophers 
that the existence of a vacuum was impossible, and was abhorrent to 
nature. Galileo was the first to suspect that the horror attributed to 
nature was imaginary, or was at least confined within limits of no very 
wide range, for on the application of a pump to a very deep well sunk by 
the Grand Duke of Tuscany at Florence, it was found that the water 
would not rise more than thirty-two feet, leaving the upper part of the 
pipe empty, from which Galileo inferred that nature's honor of a vacuum 
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did not extend beyond the antipathy of thirtj-tiFO feet of water. The ipe- 
colatioDB of Galileo vere prosecuted tfter his dealb br hli papit Torrieelli, 
who, in 1643, discOTered that the effort of saj flnid open to the atmo- 
tphere to enter a vacaous space ia owing to the presaore of the sir npon 
bodiei on Ibe earth's surface. This discovery gave > great impnlie to 
mechanical ingenuity, and many scfaemea were contrived to make thil new 
agent available aa a motive power ; bat the firat of these projects that 
kppeara to have been of any avail waa the Are engine of Captain Thomaa 
mverf, who produced a vacuum by condensing steam in ctoae veasela, and 
then applied the vacuum ao obtained to the elevation of water. Bavery, 
however, also nisde use of the elastic force of the ileam after the manner 
proposed by the Marquis of Worcester \ but he made the presaore of the 
■tmoaphere carry the water up the firat stage, wiiich the Marquis of Wor- 
eeater does not appear to have done, although there must have been a 
racuum created In his receivers as effectually as in those of Savery, occa- 
sioned by the coudensalioo of the steam on the entrance of the cold water. 
Savery obtained a patent from William IlL " fbr raising water, and occa- 
sioning motion 10 all sorts of mill-work by the impellent B>rce of fire " in 
legs ) and for sevecvl years thereafter be appears to have been actively 
engaged in getting his engine introduced into practice. In 170S he pub- 
lished a small worit, called the " Miner'a Frieod," ia which he gives the 
following account of the atmclnre of his engine, and of the'Voode of its 
operation i — 




"AA the furnaces which contain Ibe boilers; B 1, B3 the two fire-places ; 
C the funnel, or chimney, which ts common to both furnaces. In these two 
furnaces are placed two vessels of copper, which I call boilera, the one 
large, as L, the other small, as D ; D the small boiler conluued in the fur- 
nace, which is heated by the fire at B S ) E the pipe and cock to admit cold 
water into the small boiler to fill it ; F the screw that covers and confines 
the cock E lo the top of the imall boiler ; G a small gauge cock at tbe top 
of a pipe, going within eight inchea of the bottom of the tmall bmler ; H a 



larger pipe, which goea the same depth into the small boiler ; T a clack or 
valve at the top of the pipe H (opening npwards} ; K a pipe going from 
the box above the said clsck or valve, in the great boiler, and passing about 
an inch into it; LL Che great boiler contained in tbe other liirnace, which 
ia heated by the fire at B 1 ; M, the screw with the regulator, which ia 
moved by the handle Z, and opens or shuts the apertures at which the 
steam passes out of the great boiler into the steam-pipel OO ; N a small 
gauge cock at the top of a pipe which goes half way down into the great 
boiler; O 1, 02, steam-pipes, one end of each screwed to the regulator, 
the other ends to the receivers FP, to convey the steam ftom the great 
boiler into those reeeiters ; PI, Pa, copper vesselscalled receivers, which 
are to receive the water which is to be raised ; Q screw joints, by which 
the branches of the irater-pipes are connected with the lower parts of the 
receivers ; B 1, 3, 3, and i, valvea or clacks of brass in the water-pipet, 
two above the branches Q, and two below them ; they allow the water to 
pass npwards through the pipes, bat prevent its descent ; there are screw 
plugs to take out on occasion, to get at the valves R ; S the forcing-pipe 
which conveys the water upwards to its place of delivery, when it is forced 
ont from the receivers by the impellent steam ) T the sucking-pipe, which 
conveys tbe water up from the bottom of the pit, to fill the receivers by auc< 
tion ; V a sqaare frame of wood, or a box, with holes roimd ila bottom in 
the water, to enclose the lower end of the sacking-pipe, to keep away dirt 
and obstructions; X a cistern with abuoy^cock coming fhim the force-pipe, 
so aa it shall alwaya be kept filled with cold water ; Y T a cock and pipe 
coming finm the bottom of the said cistern, with a spout to let the cold 
water run down on the Outside of either of the receivers P P ; Z the handle 
of the regulator, to move it by, either open or shut, so aa to let the steam 
out of the great boiler into either of the receivers. 

Tht Mataur of tcoriag Iht Engine. 

" The first thing ii to fix the two boilers of the eigiue in a good doable 

fiimace, so contiiied that the fiame of the Gre may circnlate round, uid 
encompass the boilers to the best advantage, as you do coppers for brewing. 
Before yon make any fire, unscrew the two small gauge-pipes, and cock*, 
G and S, belonging to the two boilers, and at the holes, fill the great boiler 
L two-thirds fUl of water, and the small boiler D quite full ; then screw in 
the said pipes again aa faat and tight as possible, and light the fire imder 
the large boiler at B 1, to make the water therein boil, and the steam of it 
being quite confined must become wonderfully compressed, and therefore 
will, on the opening of a way for it to issue out (which is done by pushing 
the handle Z of the regulator as far as it will go n*om youX rush with a 
great force through the sleam pipe O 1, into the receiver F 1, driving out 
all the air before it, and forcing it up through the clack R 1, into the force- 
pipe, as you will perceiie by the noise and rattling of that clack ; and, 
when all the air is thus driven out, the receiver F 1 will be very much 
heated by the steam. When you find it is thoroughly emptied, and ia 

Sown very hot, as you may both see and feel, theo pull the handle Z of 
e regulator towards you, by which means you will slop the steam pipe 
O 1, so that DO more steam can come into the receiver P 1, but you will 
open a way for it to paas through the other steam pipe O 2. and by tha 
means fill the other receiver F 2 with the hot steam, until that vessel has 
discharged its tar through the clack R a up the force pipe, is the other 
vessel did before. 

" While this is doing, let some cold water be poured on the first-mentioned 
receiver P 1, from the spout Y, by which means the steam in it being 
cooled and condensed, and contracted into a very little room, a vacuiun or 
emptiness is created, and consequently the steam pressing but very little 
(if at all) on the clack R 3 at the bottom of the receiver P I, there is 
nothing there to counterbalance the pressure of Che atmoiphere on the 
surface of the water at the tower part V of the sucking-pipe T, wherefore 
the water will be pressed up, and ascend into and fill the receiver P 1, by 
what is commonly called auction : the wMer as it rises lifts up tbe clack or 
valve R 3> which afterwards falling down again and shutting dose, hinders 
the descent of the water that way. 

" The receiver P S being by this time emptied of its air, push the handle 
of the regulator from you again, and the force of the steam coming fhim 
the great boiler wiU be again admitted through Q ), and will act upon the 
■urbce of the water contained in the receiver P I j which surface only 
being heated by the steam, it does not condense it, but the steam gravi- 
tates or presses with an elastic quality like air, and still increasing its 
elasticity or spring until it counterpoises, or ralber exceeds the weight of 
the column of water in the receiver and pipe S, which it will then neces- 
aarily drive up through the passage Q R 1 into the force-pipe S. The steam 
takes up some time to recover its power, hut it will at last discharge the 
water out at the top of the force-pipe 8, as it is repTcsenled in fig. 3. After 
the Mme maner, though alternately, the receiver P 2 is filled with water 
by means of the suction, and then emptied by the impellent force of (he 
steam, whereby a regular stream is ke^i continually running out at top <^ 
the force-pipe S, and so the water is raised very easily from the botlom of 
the mine, &c. to the place where it is designed to be discharged. I should 
add, that after the engine begins to work, and the water is risen into and 
hath filled the force-pipe S, then it also fills (he little cistern X, and hy 
that means supplies the spout or pipe YY', which I call the condensing 
pipe, and which by its handle can be turned sideways over either ot the 
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feeeirers, and is dun open ; by this spoat cold water is conveyed down from 
the force-pipe to fall upon the outsida of either of the receivers when 
thorooghly heated by the steam, in order to cool and condense the steam 
irithin, and make it suck (as it is usually called) the water out of the well 
«p into that receiver. 

** It is easy for any one, that never saw the engine, after half an hour*f 
•zperienos, to keep a constant stream ; for on the outside of the receiver 
yon may see how the water goes out as well as if the receiver were trans- 
parent : for as far as the steam continues within the receiver, so fisir is that 
▼easel dry without, and so very hot as scarce to endure the least touch of 
the hand ; but as far as the water is withinside of the said vessel, it will be 
eold and wet on the outside where any water has fallen on it ; which cold 
and moisture vanish as fast as the steam in its descent takes place of the water. 
But if you force all the water out of the receiver, the steam, or a small 
part thereof, will go through the clack R 1 or R 2, and will rattle that clack 
lo as to give notice to move the handle of the regulator, and then the steam 
begins to force out the water from the other receiver P, without the least 
alteration of the stream, only sometimes the stream will be rather stronger 
than before, if you pull the handle before any considerable quantity of 
steam be got up the clack R : but it is much better to let none of that steam 
go ofL for that is but losing so much strength, and it is easily prevented by 
pulling the regulator some little time before that receiver which is forcing 
u quite emptied. 

** This being done, turn the cock, or condensing pipe Y of the cistern X, 
over the empty receiver, so that the cold water proceeding fh)m X may 
run down through Y, which is never opened but when turned over one of 
the receivers, but when it stands between them is tight and stanch. 
This cold water fidling on the outside of the receiver, by its coolness 
causes that steam which had such great force just before, to condense and 
become an empty space, so that the receiver is immediately refilled by the 
external pressure of the atmosphere, or what is vulgarly called suction, 
whilst the other receiver is emptying by the impellent force of the steam, 
vhich being done, yon push the handle of the regulator from you, and 
thus throw the force into the other receiver, pulling the condensing pipe 
over the receiver P 2, causing the steam in that vessel to condense, so 
that it fills while the other empties — the labour of turning these two parts 
of the engine, viz. the regulator and condensing water-cock, and tending 
the fire, being no more than what a boy*s stren^h can perform for a 
day together, and is as easily learned as their driving of a horse in a tub- 
gin. Yet after all, I would have men employed in working of the engine, 
and those too the most apprehensive, supposing them more careful than 
boys : the difference of this charge is not to be mentioned when we con- 
sider the vast profit which those who use this engine will reap by it. 

^ The ingenuous reader will here probably object, that the steam being the 
cause of this motion and force, and that as steam is but water rarefied, the 
boiler L must in some certain time - be emptied, so as the work of the 
engine must stop to replenish the boiler, or endanger the burning out or 
melting the bottom of the boiler. To answer which, please to ob^rve the 
use of the small boiler D ; it is supplied with water from the force-pipe by 
a small pipe and cock £ ; when it is thought fit by the person tending the 
engine to replenish the great boiler (which requires about an hour and a 
ha& or two hours* time to the sinking one foot of water), he turns the cock 
£, so that there can be no communication between the force pipe S, and 
the small boiler D, and putting in a little fire under the small boiler at B 2 
the water will there grow presently hot, and when it boils, its own steam, 
which hath no vent out, will gain more strength than the steam in the 
great boiler. For the force of the great boiler being perpetually spending 
and going out, and the other confined and increasing, it is not long before the 
force in the small boiler exceeds that in the great one ; so that Sie water in 
the small boiler being depressed by its own steam pressing on its surface, 
will force the water up the pipe H, through K, into the great boiler L ; and 
to long will it run till the surface of the water in the small boiler D gets to 
be as low as the bottom of the pipe H, and then the steam and water will 
run together, and by its noise and rattling of the clack I, will give sufficient 
assurance to him that works the engine that the small boiler hath emptied 
and discharged itself into the greater one L, and carried in as much water 
as is then necessary ; after which, by turning the cock E again, you may 
let fresh cold water out of the force-pipe S into the lesser boiler D, as before, 
and thus there will be a constant motion and a continual supply of the 
engine, without fear of decay or disorder. And inasmuch as from the top 
of the small boiler D to the bottom of its pipe H (which is within eight 
inches of the bottom of the boiler) there is contained about as much water 
as will replenish the great boiler L one foot, so you may be certain it is 
replenished one foot of course. 

**■ Also, to know when the great boiler wants replenishing or not, yon need 
only turn the gauge-cock N, and if water come out there is no need to 
replenish it, but if steam only come, you may conclude there is want of 
water ; and the like will the cock G do in reference to the small boiler D, 
showing when it is necessary to supply that with fresh water from S, so 
that in working the engine there is very little skill or labour required ; it 
is only to be injured by either a stupid or wilful neglect 

** And if a master is suspicious of the design of a servant to do mischief, it 
is easily discovered by those gauge-pipes ; for if he come when the engine 
is at work, and find the surface of the water in the great boiler L below the 
bottom of the gauge-pipe N, or the water in the small boiler D below the 



bottom of the gauge-pipe G, such a servant deserves correction, though three 
hours after th^ the working on, would not damage or exhaust the boilers. 
In a word, the clacks being, in all water-works, always found the beiter 
the longer they are used, and all the moving parts of our engine being of like 
nature, the furnace being made of Sturbridge or Windsor brick or fire- 
stone, I do not see it possible for the engine to decay in many years , for 
the clacks, buckets, and mitre-pipes, regulator and cocks, are all brass ; and 
the vessels made of the l>est hammer^ copper, of sufficient thickness to 
sustain the force of the working of the en^ne. In short, the engine is so 
naturally adapted to perform what is required, that even those of the most 
ordinary and meanest capacity may work it for some years without any 
iiyury." 

A good many of these engines appear to have been constructed and set 
to work. They were not employed, however, in any case in which water 
had to be lifted from a great depth, as the great pressure of steam requisite 
to overcome the gravity of a high column of water was reckoned inconve- 
nient and dangerous in those days of fragile boilers and imperfect work- 
manship. These disadvantages appear to have been the chief cause of the 
relinquishment of Savery*s engine in favour of that of Newcomen ; for in 
the early career of Newcomen*s contrivance the useful effect under certain 
circumstances was inferior to that of the engine it superseded, and the 
first expense was greater : but then Newcomen's plan made the column of 
water that could be lifted independent of the pressure of the steam, an 
increase in the height of the column only requiring an increase in the 
diameter of the cylinder. The details of Savery*s contrivance are extremely 
judicious, and the scheme altogether speaks very favourably of his inge- 
nuity and perseverance. It has been a matter of controversy whether he 
invented the engine altogether himself, or borrowed the idea from the 
Marquis of Worcester, and merely matured the plan of that noble mechanic 
Desaguliers retails an idle story of Savery buying up the Marquis of Wor- 
cester's book in Paternoster Row and destroying it, so that the priority of 
the Marquis might remain unknown ; but we give very little credit to the 
tale. There were probably at the time some of the Marquis's engines in 
being, which would be a much more conclusive testimony than any book 
could be, and at least there must have been many persons then living who 
recollected the engine set up by the Marquis at VauxhalL Besides, the 
very act of buying up a book which had been many years in circulation, or 
rather of attempting to buy it up, would be the surest way to attract at- 
tention towards it, and thus produce the very disclosure it was Savery's im- 
puted object to avert. We think it likely enough that Savery may have in- 
vented this engine entirely himself, without knowing anything of what the 
Marquis of Worcester had done forty years before, although in the pursuit of 
the sulject he must of course have become acquainted with the achievements 
of his predecessor. The same wants generate so naturally the same expe- 
dients for their relief, that simultaneous discoveries and inventions become 
inevitable, and identical projects start up at different epochs without imita- 
tion, under the force of similar circumstances. The ingenuity, too, dis- 
played by Savery in the details of his engine encourages the idea that it 
may have been altogether of his own contrivance, for he does not appear 
to have been unequal to such a performance, which indeed it did not 
require any very brilliant genius to accomplish. But whatever conclusion 
may be come to upon this head, we are at least certain that it was Savery 
who first introduced the fire-engine into extended use ; and he prosecuted 
his undertaking with great assiduity and success ; though, as he says, he 
** was obliged to encounter the oddest and almost insuperable difficulties,*' 
and at a great expenditure of energy and means. The merit of this achieve- 
ment is in our apprehension much greater than that of the mere invention 
of the machine ; for such a work is one of equal difficulty, and of infinite toil 
and discouragement, and is little lightened by the bright dreams of fancy 
or the consolations of applause. 

FROM THE APPUCATION OF THE PRINCIPLE OF ATMOSPHERIC PRX8817RE 
TO THE INTRODUCTION OF THE CTLINDER. 

About seven years after the discovery of the pressure of the atmosphere 
by Torricelli, Otto Guericke, a magistrate of Magdeburgh, without any 
knowledge of what Torricelli had done, succeeded in obtaining a vacuum 
in a cask by means of an air pump, and contrived a great variety of 
ingenious pneumatic apparatus; some for raising water in a pipe by 
means of an exhausted receiver screwed on the top, and others for lift- 
ing a great weight by means of a cylinder fitted with a piston, beneath 
which was a vacuum, while the atmosphere pressed on its superior sur- 
face. The nature of the arrangement he adopted in this latter case will 
be at once apprehended by a reference to the annexed figure, where A 
is a cylinder fitted with a piston, to the shank of which a rope is attached^ 
passing over the pullies B and C with a scale D hung at its extremity 
loaded heavily with weights. A small pump was screwed into the lower 
part of the cylinder, by means of which the cylinder was exhausted, and 
the piston descending raised the weights. 

We have in these ingenious devices the same mechanical arrangements 
as those afterwards employed by Savery and Papin in their projects ; and 
indeed the only material difference between the cylinder apparatus here 
represented and the atmospheric steam engine is that in the one case the 
vacuum is produced by means of a pump, and in the other by the conden- 
sation of steam. It is in the production of a vacuum, therefore, bv the 
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BgeDcyof tteam, that any merit 
in the contriisncc of tbe at- 
moapheric ■(earn engine murt 
be held to coDiiiC, (br the 
efficacf of a vacuuin Then 
■pnAfKei in railing heavj 
vetghla, or in the production 
of other powerful mechanical 
effecti, could not fail after 
Guericke'a experiment! to be 
obvioai to everj one. Sa.tay 
says he discovered (he efficac j 
of ileam in the prodnction of 
a Tacuum by plunging the 
neck of a flaik he had acci- 
dentally thrown upon the fire 
with * little vine in it into a 
baaia of water, when the 
■team railed fhun tlie vine 
vaa condensed, and the vaEer 
rose into the flask and filled ; 
but Dengulierv throv* dis- 
credit upon ttiii account, by 
laying that in luch an experiment the fluk wonld have been forced IVom 
the hand of the operator by the impulse of the entrant water, a circnmitance 
of vhich Savery makes no mention. Mr. Scott Ruwell. however, says that 
he has tried the experiment many times, and that the catastrophe indicated 
by Desaguliers is conditional upon the diameter of the neck of the flai]c,the 
temperature of the water, and other circumBtances, so that ve really see *ery 
little reSEDD to donbt the truth of Savery's statement. The dale of this ex- 
periment of Savery's does not very clearly appear. It must of course have been 
■ntecedenttobis potent of 1698 \ but whether it was before tbe^'ear 1690, at 
vhich time Papin published a scheme for creeling a vacanm in a cylinder 
by the condensation of steam, is nncertain. The question, however, is one 
of very little moment, for both of these prajeetora were long preceded in 
their discoveries; the method of producing a vacuum by Keam ageDcy 
having been known even before any idea had been formed of the atmo- 
•pheric pressnre. The manner of re-fitUog the .£olipile was to plunge it, 
while ajet of steam was issuing from it, into a vessel of water, vhereby 
the steam within it was condensed, and the water was drawn with great 
rapidity throogh the small orifices through which the bteam escaped, by 
means of the intenul vacaum. In the Marquis of Worcester's engine, 
again, as, we believe, we have already indicated, a vacDum must have been 
(bnoed by the condensatioo of the steam so soon as the cold water began 
lo enter the receivers, though from what Cosmo de Hedici tells us, we 
■hoald be disposed to conclude that the power thus geaerated vas vasted 
in drawing the water through contracted passages, rather than in raisin^it 
np to any considerable elevation. We believe, however, that both Saver; 
and Papm re-discovered the means of prodncing a vacuum by the conden- 
sation of steam, or more properly perhaps saw, independently of their 
predecesaora, and of each other, the feasibility of producing a convenient 
and effectnal vacuum by this agency, for it is hardly conceivable that in 
the times of Newton, Hooke, and Boyle, the effect of the condensa- 
tion of steam in producing a vacuum should not have been a matter of 
extended uotorietjr. In this, indeed, as In most other cases, a reference to 
the current intelligence of the time will show that even the most noted 
projectors advanced very little beyond it ; and many a genius, with whose 
name the world has rung, will, vhen measured by this standard, collapse 
to the dimensions of a pigmy. Inventions sovn In one age ore ripened in 
another by the progress of events, but • multitude of agencies are necessary 
to the final effect, and of these the most important is Time. Individual 
pn^ecton are merely like bubbles dancing upon the waves of that ni^estlo 
stream : though higher than the other liquid particles around them, yet 
their altitude is not to be measured from the position of the lowest suiAwe, 
•nd they arc not the cause of the total exaltation. 

As we have several times mentioned the name of Papin, ve must, ve 
suppose, say who he vas. Denys Papin, then, was bom at Blroa, in France, 
and was educated to the profession of medicine. Being a Protestant, he 
was driven from France by the revocation of the edict of Nantes, and 
settled in London, where he assisted Mr. Bt^le in his experiments with the 
air-pump, and was elected amemberof the Royal Society in 1680. During 
this period he invented the culinary nlensil called lupin's digester, i^ 
which he published an account in IGSa. In 1G87 he vas appointed pro- 
fessor of raalbemalics at Marburg, in Germany, and in 1690 he proposed 
■ scheme in lUe Acta Entditontm of Leipsic, for producing the vacuum 
required in OttoOnericke's cylinder arrangement, by the agency of steam. 
K A (fig. 3.) is a thin metal cylinder, fitted with a piston B, and a piston- 
rod H with a notch in ils side, into which a latch, E, fiills to prevent the 
descent of the piston until the latch is withdrawn. A rope, L. is fastened' 
to the piston-rod, and passes over pnllies T T, precisely as in Guericke's 
contrivance, and may be employed to raise weights in the descent of the 
piston. Water is introduced underneath the piston through the hole 
closed by the screwed rod M, and a Ere is applied beneath the cylinder 
bottom, which raises the water into steam, and forces the piston up, the 
latch &lling into the notch in the piston-rod so loou as. the piston has 



risen sufficiently. The fire Is new to W 
withdrawn &om the cylinder bottom, and 
in a certain Ume the steam in the cylinder 
will become condensed, when the latch is 
to be drawn backwards, and the piston wiU 
be forced down by the pressure of the ot- 
mospiiere. It requires little penstntion to 
tee that this scheme vould be quite useless 
in practice ; fbr the continntd removals of 
the ffre, the injurious tBetX at fire on the 
cylinder, and the absence of any expedient 
to &ci]itate refrigeration, are moM effectual 
barriers to its successful application. In- 
deed, the project is greatly inferior in effi- 
cacy to the plan of the Marquis of Worcet- 
ler, which vas provided with a boiler, and 
which proved itself susceptible of a practical 
use. With Savery's engme, projected about 
the same time, the crude prqjecl of Papin 
is not to be put in comparison ; and indeed 
Papin appears to have been so thoroughly 
convinced of the saperiority of Savery's 
contrivance, thai he gave np his own pUn- 
and adopted that of Savciy. Papin, hov- 
evcr, vas a person of mncb ingenuity, tmt 
most of lus schemes were visiooan ; and 
whatever might be hte other merits, be certainly eoDtribated nothing to 
the improvement of the steam engine^ either by his performances or sng- 

gestions. He neither was the first to suggest the fo-™-*!"" -* - — 

m a cylinder fitted with a piston, nor the first 




o discover the method of 



o Erst carriM this combination toany result of m 






[Hston was contrived by 'Hiomas Newcomen, an ironmonger of Dartmouth, 
and John Cawley, a glazier of the same place, about the year 1710. The 
olgect of the innovation appears to have been not so much to obtain a more 
efiTectual and economical engine than that of Savery, ai lo dispense with 
the necessity of employing steam of a very hl^ elasticity where water had 
to be raised to a considerable height, and which, In those days, was the 
occasion of considerable inconvenience and danger. We think it very 
probable that Newcomen was acquainted with the project of Papin at the 
time he introduced his own engine iuco practice, as veil as his relinquish- 
ment of it in fevour of Savery's scheme, bat this rather adds to Nevcomen's 
merit than diminishes it, as it shows him to be no imitator of Papin, and to 
be in no wise influenced by his authority. It is to Newcomen, therefore, 
that we owe the cylinder steam engine, for Papin not only never pngected 
any cylmder steam engine that was practicable, and never mode one, but 
had gone bock before Nevcomen's time to Savery's scheme ; and although 
Sir Samuel Morland, so &r back as 1682, had contrived cvlindm ftir 
raising vater by steam power, yet ve have no reason to beheve that he 
put his plan in practice ; and the outline he has left of it in his "Principles 
of the rev Force of Fire" is too meagre to give any certain intimation of 
the nature of the contrivance, though the probability is that it more near^ 
resembled the Marquis of Worcester's engine than that of Nevcomen. It 
does not appear, however, that Newcomen was himself conscious of the 
advantages of his own method of construction beyond that of the greater 
convenience of low pressnre steam, and. Indeed, his engine would have 
remained very little better than that of Savery, at least for moderate heights^ 
but for the improvements efiected by subsequent invenlon. Of these im- 
provements we must now pve some acconnL 
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Newcomen's engine, ss at first constrocted by him, was provided with a 
casing sronnd the cylinder for holding cold water, lo accelerate the con- 
densation of the steam, and the snrfaeeof the piston was covered with water 
to prevent the passage of air past it. The steam was admitted firom ths 
boiler by a slide valve ot regulator, as in Savery's engine, which was moved 
by hand, and aAer the cylinder was filled with steam, water was introduced 
into the external casing, by wbich. In process of time, the steam vas con- 
densed, and the piston then made a stroke. This, however, it is evident, 
must have been very tedious vork, and the engine indeed was very im- 
tractable until the method of condensing the steam by a jel of cold water 
was introduced, and the movement of the valves was effected by the engine. 
These improvements were the effect of accident; the mode of their de- 
velopment is thus related by Dessguliers : — "In the latter part of the year 
IT II Newcomen and Cawley msdo proposals to drain the water of a coUiery 
at Griff, in Warwickshire, where the proprietors employed 900 horses, at 
on expense of 900/. a year ; but their invention not meeting with the re- 
ception they expected, in March following, through the acquaintance of 
Mr. Potter of Bromsgrove, in Worcesterdiire, they bargained to draw 
water for Mr. Bock of Wolverhampton ; where, after a great many labon- 
oos attempts, they did moke the engine work : but not being either phi- 
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' kaoplien to tiad«nUiid tlie reuon, or mBtheni>ticiaiu encnigli to calculate 
Ibe powen and proportioni of the part*, tbej very luckil;, bj accident, 
(bond vhat they aought for. 

■■ TheT were at a lo« about the pump*, but being ao near Binnlnefaam, 
■nd bsTing the aiautance of >o muiy Bdmirafale and iogeoloui workmen, 
diey came abont 1712, to the method at makbg the pump'TBlTei, clacki, 
and bncketa, whereai Ihej had bnt an imperfect notion of them before- 
One thing ii Tcry remarkable ; u they at firW were working, they were 
■nrpriaed to aee the engine go KTend itrokea, and very quick together, 
when, after a Karch, they foand a hole in the pialon, which let the cold 
water in to condense the *team in the inaide of the cylinder, wherew before 
they hid alwayi done it on the outside. They used before to work with a 
buoy to the cylinder, eocloied in a pipe, which buoy roie when the (team 
wu Rrong and opened the iqjectlon, and made a Itroke ; thereby Ihey were 
capable of only giTiog (ix, eight, or ten itrokes in a minute, till a boy, 
named Romphrey Potter, in 1713, who attended the engine, ^ded (vhat 
be called leoggati) a catch, thai the beam alwayi opened, and then it would 
go 15 or 16 stroke* a minute. But thii being perplexed with catcbei and 
Btringi, Mr. Henry Beighton, in an engine he had built at Neweulle-upon- 
Tyne, in 171B, took them all away but the beam itielf, and (applied Uiem 
in a much better manner." 

The boilen of the enginea made by Sayery do not appear to haTS been 
provided with ufety Taliei, nor do they appear to have required aach an ap- 
' plication, a» the regolaton were m all probability so cooitrucied that the 
paiiagea of both receiren could not be cloeed at the tame tim& About the 
JCBTITIT, Deiaguiien conglmcled an engine on Sarery's plan, but with only 
one receiver, and, aa the only pauage throogh which ibe steam could find 
vent would •ometimci in such an engine be closed, and might be so left by 
amreleM attendant, it became necessary to apply a aafety-valTe to the 
boiler. This species of tbItc hud been applied by Papin to hia digesleli 
and ill application to the steam-en^ne had been suggnled by bin ; but the 
expedient was superfluoui «o long ai the preasure of the ileum waa balanced 
■ bj- a column of water, which would be orercome before any dangeroui elaa- 
liflly, could be attained. 

In 1730 a eery elegant high nretiare engine was conrrived by I^upold, 
BOd described in his Tbutnun Miuhimtruni f the plan of which wilt at once 
be understood by reference to the annexed diagram, 
where A is the boiler, E and C the cylinders, F the 
waste steam proceeding from the four-way cock. In 
this engine, the four-way cock first occurs, and the 
Bcbcme allogetber is marked by a refined ingenniCy 
not anworthy of Watt and his successors. The effect 
of the two cylinders placed in juitaposilion is identical 
with that of the double-acting engine ; and the machine 
is allogether the simplest and most artistic that, ap to 
this time, bad been projected. The employment, how- 
ever, of high pressure steam could not foil lo be looked 
ery objectionable at a period when boilers 
ude and unsubstantial ; and we suppose it 
was owing to this objection that the plan of working 
by high pressure steam did not, until very recently, 
come into practice. The domes of the boilers employed 
by Newcomen were generally of lead, the inferior por- 
tions being composed of copper; audit was not until many years aAer steam 
mgines were applied to practical uses, that boilers composed altogether of 
iron plates rivetted together, were introduced, or that the art of making 
boilers had reached Sttch perfection, that a high pressure might be put upon 
tbem with safely. 

From the improTcment of the valve gearing by Beighton, in 1718, very- 
little alteration appears to have been made in the atmospheric engine until 
the time of Smeaton. Brindle^ . indeed, added the contrivance of a float in 
the bailer, lo regulate the admission of the feed-water, and also proposed 
that the boiler should be constructed of wood or stone, furnished with an 
iotemol furnace and internal flues : but his attention was withdrawn from 
the iteam-en^ne to other subjects, and very little real improvement 
resulted troci bis ingeauity. In 1767, Smeaton was employed to construct 
an engine by the New River Company, into which he resolved to intro- 
duce several alterations. Conceiving that a good deal of power was dissi- 
pated in the rapid reciprocation of the beam, and in giving a needless 
momentum to the water in the pumps, he determined to work the engine at 
a less velocity, to employ larger pumps, and to load the piston with 10^ lbs 
Dpon the inch instead lyt 7 lbs., as had been the usual practice. To carry 
into effect these intentions, the main centre was removed from the middle 
of the beam lo a point nearer the end trom which the pumps were hung, 
•nd the cylinder was made tall and of small diameter, by which peculiarity 
it was conceived the steam would be more readily condensed, and a less 
•monutof injection water would suffice. " I thought myself," says Smeaton, 
" quite secure under those advantages ; but how great was my surprise and 
nwrtification, to find that, instead of requiring less injection water than 
eommon, although the iqjection pump was calculated to afford as much in- 
Joetioii water as usual, in proportion to the area of the cylinder, with a suf- 
fident oveqilus lo answer aU imaginable wants, it was unable to support 
the ennne with injection, and that two men were obliged to assist to raise 
the iqjection water quicker, by band, to keep the engine in motion ) at the 
amatiBethBttliec7liiiderwasK>cold,Icouldkeepmy band upon any part 




of it, and bear it for a length of time in the hot- well By good fortnne, the 
engine performed the work it ira* appointed to do, as to the raising of 
water, bnt the coals by no means answered my calculation. The i^jectioa 
pump being enlarged, the engine was in a state for doing business, and I 
tried many smaller experiments, hut withoot any good effect, till I altered 
the fblcmm of the beam so much, as reduced the load upon the piston from 
10^ Iba to S4 lbs. per inch. Under this load, ihongh it shortened the stroka 
at the pump end, the engine went so much quicker as not only to raise 
more water, but consume less coals ; took leas it^ectinn water ; the cylinder 
became hot, and the injection water came out at 160° of Fahrenheit ^ uid 
the engine in every respect not only did its work better, but went mora 
pleasantly. This at once convinced me that a considerable degree of con- 
deosaUon of the steam took place in entering the cylinder, and that I had 
lost more by this way, by the coldness of the cylinder, than I had gained 
by the increase of load. In short, this single alteration seemed to have un- 
fettered Ibe engine; but in what degree this condensation tooW place, 
under different circumstances of heat, and where to strike the medium, so 
as upon the whole to do best, was still unknown to me. Bui resolving, if 
possible, to make myself master of the subject, I immediately began to 
build a small fire engine at home, that I could easily convert into different 
shapes for experiments, and which engine was set to work in the winter of 
1769." 

This engine was set ap at Ansthorpe, and by its assistance Smeaton 
investigated the operation of the steam-CDgiue after the same practical 
&shion that he bad previously adopted in mvestigating ^e operation of 
water-wheels and windmills. The diameter of its cylinder was 9*9 inches, 
length of stroke 3 feel, oumber of strokes per minute 17^ and the load upon 
Ibe piston 789 lbs. per square inch. This is not qnite one-horse power, for 
{9-9 )•= 77 square inches x 7-S9 = 607 lbs. and n by 52-5, the effeCUve motion 
per minute '^31,867 Ibt. raised one foot high per minute, or-«-by 33.00O~ 
'9CG HP. The consumption of coals per hourwasSSlhe. : a bushel, there- 
fore, or 84 lbs. would suffice for Sl'G minutes, which is equivalent to 2-93 
millions of pounds raised one fbot high by a bushel of coals. The quantity 
of injection water required was found by measurement to be 9S cubic 
inchM per stroke, and the quantity <rf water evaporated trom the boiler 
was about 8*9 cubic inches per stroke, so that the quantity of wstcr re- 
quired for injection was 10-66 times greater than that requisite for the 
supply of the boiler, though this proportion would, of course, vary some- 
what with the temperature of the atmosphere. This engine must have 
lost about half of its efficacy by condensation in the cylinder, for 89 eubic 
inchesof water will make 8-9 cubic feet of steam to be consumed per stroke, 
which is about double the capacity of the cylinder and its waste spaces. 
A good deal of the heat thus lost, however, appears to be due to radiation 
from the sur&ce of the cylinder, for not above two thirds of the whale heat 
is to be found in the hot veil, the temperature of which v as only 134° when 
the temperature of the injection water was 68° or '0°. The load on the 
piston was varied in the eiperimenti by taking away or adding a length 
of pipe to the superior part of the pump barrel, and it was found that the 
load of 7-81 lbs. per square inch on the piston was the most beneficial one, 
both as regards the quantity of work done Bind the consumption of foel. 
■When the lood was diminished to 6-6 lbs. Ibe efficacy, or, in other words, 
the duty of the engine, estimated at 100, waa reduced to 94, and, by di- 
minishing the load to 5-5 lbs, the efficiency was reduced as low as 82, while 
by increasing the load ftom 7-81 to 8'8 lbs. the work done was only increased 
from 100 to 107, although the consumption of fttel proceeded in a much 
higher ratio, and by a further increase of the load to 91 lbs. the efficiency 
was reduced ftom 100 to 96, though at an increased eipenditure of fuel 
In diminishing the load below 7'81 lbs. to 6-6 lbs. the efficacy of a pound of 
coal was reduced from 100 to 94, and the further diminntion to 5-5 lbs. 
reduced the elScacy of a pound of coal from 94 to 80, while the increments 
in the load reduced the efficacy of the fiiel fhim 100 la 97 in the first case, 
and from 97 to 9S in the second. The relative efficacy of different kinds 
of coal was also tested io these experiments. Rubbly coal was found su- 
perior to slack in Ibe proportion of 100 to SO. Coke was of about the same 
efficacy as slack, and 100 lbs. of cool were found to produce about 66 lbs. 
of coke. The Newcastle coal called Team Tap was found more effectual 
than the Halton or common Yorkshire coal in the proportion of ISO to 100, 
and Cacnel coal more effectual than Halton in the proportion of 133 to 100. 
Smeaton continued his experiments with this engine for four years, and 
recorded the results in a book of tables which be employed to regulate his 
futore practice. In 1772 he was em[)loyed to construct an engine for 
Long Benton colliery near Newcastle, in which he embodied the several 
improvements bis experiments had suggested. In all its main features this 
engine was identical with the previous constructions of Beighton, but it 
was distinguished bj Juster proportions sad greater nicety of detail than 
had yet been realised, and the innovations thus introduced were found to 
be highly beneficial io practice. The engine at Long Benton Mr. Smealon 
looked upon as bis standard work, but his most magnificent performance 
in Ibis way was Ibe Chose Water engine erected in 1775 at one of the mines 
of Cornwall, Of these engines we must contrive to give a brief deKriplion. 
The diameter of cylinder in Ibe Long Benton engine was 52 inches; 
length of stroke 7 feet ; load on tbe piston 7} lbs. per square inch ; number • 
0fBtrokesperminulel2iand52ix '78S4 x 71 k B4-;-33,0O0-sabout40( horse- 
power. The consumption of fuel was 8) bushels of Newcastle coals per hour, 
which at 31 lbs. per bushel is WSSlbs. per horse-power per hour, or9'45mil- 
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liont of pa[iiidl,ruKdonefi>othighb;a1)aihe1 ofcoaL Tbe evkporatioo of 
water by the boilers itas 90 cubic feet per hour, by 8) boiheU, ^ lO'SS cubic 
feet, evaporated by * buEbet or S4 Ibc, or 7 88 lbs, evaporaled by each pound 
ofcoaL If the steam within the boiler be conBidered to be 1700 timei leet 
deow than water, which vonld be Dear the truth, thea 2990 cubio feet of 
•team would be generated per minute ', but of thia not so much as one-half 
could be spent !□ producing a lueful effect, for the space withla the oylinder 
occupied by the motion of the piston would only be 103-2S cubic feet x 12 
— 1339 cubic feet per minat«, which is not half of the steam generated. 
The residue, therefore, must have been lost by leakage and coodensation, 
and by the space left between the piston and the bottom of the cylinder. 
This space would cause a loss of about 360 cubic feel per minute, leaving a 
loss of above 9.^0 cubic feet per minute, to be accounted for by leakage and 
condeusation, or indeed by CDadeasation alone, as the leakage was inappre- 
ciable. The mleniBl surface wu 168 square feet, so that each foot of 
cylinder surface must have condensed about 5'G6 cubic feet of steam per 
minute. There were three boilers, and tbey were so proportioned as to 
afford 3'9 square feet of furnace surfkce, 7'83 of floe surface, and '867 feet 
of fire-grate per horse-power. 

The ilrnclure and srrangeraent of the Chase Water engine were almost 
iden^cal with those of the engine at Long Benton : it was, however, of 
greatly superior power. The cylinder of the Chase Water engine was 73 
inches in diameter •, length of stroke 9 feet ; number of strokes per minnte 
9=81 feet of effective motion, and load upon the piston 7] lbs. This gives 
a power of about 76} horses for 73* > -7854 x 81 x 71-^33,000 ^^ 76) UP. 
The configuration of these engines will be seen at once by a reference lo 
the following wood-cut, where A B is the cylinder, C the piston made of 
iron and covered on the bottom with dm planking, secured with screw- 
bolts to the piston. Between thl« planking and the iron of the piston, 
tarr«d flannel is interposed to retard the transmission of heat, and thereby 




render the condenaalioa within the cylinder leu aerions. D is the great 
lever, ST feet 4 inches long, consisting of twenty pieces of fir, the four 
Dearest the middle being 12 inches square, and the other sixteen being 6 
bches by 12 inches. These [rieces of timber are prevented from rubbing 
upon one another by means of oak keys, driven bto mortices prepared 
for their reception, and are bolted together by 32 long iron bolts, 1 inch in 
diameter, passing through the whole depth of the lever. I'he axis of the 
lever, where it passes through the wood, is 30 inches wide by 5 inches thick. 
The bearings are 8( inches in diameter, resting in brass bushes, let into 
blocks of wood built into the lever wall Breadth between bearings SJfeet; 
breadth of beam ! feet; depth of beam at centre 74 Inches ; depth at ex- 
tremities 60 inches. E is the lever wall; F F the beams which support 
the cylinder, or rather which keep it down, and which are retained iu their 
places by the walls of the house; G is the boiler.H the furnace, I the 
■teun pipe, J the ii^ectiou pipe, terminating in a wooden jet piece jammed 



between the steam pipe and the side of the cylinder, the use of wood \a 
this situation being to diminish the condensation by a noD-conducling sub- 
stance. K is the cistern far holding the injection water, and which ia 
placed in an elevated situation to cause the more perfect dispersion of the 
iqjection water by the force with which it enters the cylinder. L is & 
pump for raising the injection water into the cistern. M is the eductioD 
pipe, terminating in the hot well, and fitted with a valve at its inferior 
extremity, to prevent the regurgitation of the water. N pump rod of the 
pump of the mine ; O a band or strap extending lo the cataract i F P the 
plog rod, by which the valve gearing is wrought The steam pipe is 13 
inches in diameter, the eduction pipe 8 inches ; and the two short necki for 
the injection cock and snifting valve 6 inches diameter. These are all cast 
iu the same piece with the bemispheiical bottom. The mifting valve 
consists of a short plug of Imxwood driven tight into its seat, fitted with a 
circular flap valve applied to the end of the plug ) over this a conical pipe 
is fixed with a cock at its extremity, so as to regulate the amount of the 
snift at pleasure. " The upright fbed pipe, Q," says Smeaton, " is desigiled to 
answer the double purpose of a lower gauge cock and a safety pipe. Two 
or three small holes are to be pierced trough it at the proper depth for B 
lower gauge cock, that is, at the lowest level which is proper for the water 
in the boiler, and three inches below these holes the pipe is to be pierced 
with a hole half an inch in diameter, and again at three inches lower the 
pipe must terminate altogether. By this means, if the water in the boiler 
sinks too low, the small boles in the feeding pipe will emit steam and give 
notice by a rattling noise ; but if the water 19 suffered to subside still lower, 
the steam will blow out by the half inch hole, and the noise vril] produce a 
greater alarm ; and when the water sinks so low as to be at intervals below 
the bottom of thu pipe, the water and steam will issue in such a manner as 
U> make a very great noise, and call the engine-mait to his duty even if he 
have IkUen asleep." 

Such then are the principal details of thia celebrated engine g aadwemuit 
now proceed (o explain in a few words the manner in which the atmos- 
pheric engine operates. When the engine is at rest, the end of the lever 
f^m which the pump is hung will always proponderate, that end being 
purposely made heavier than the other, to overcome the friction and 
inertia of the lever, as itcanont be elevated by the force of the steam. The 
first step in starting the engine is to open the regulator or slide valve which 
interposes between the boiler and cylinder. The cylinder will of course 
immediately become charged with steam, but the steam will at first be veir 
rapidly condensed by the cold metal, and will continue to condense until 
the cylinder has become nearly as hot as the steam itself As soon a* this 
takes place, the steam will open the snifting valve, and drive out the air 
with which the cylinder had been filled, and the sign of the thorough ex- 
pulsion of the air is that the steam will then issue in a transparent, and not 
in a cloudy state. M'hile the steam is thus issuing Aom the snifling valve 
the iiyection valve situated in the iiyection cistern at the top of the engine- 
honie must be drawn open by the cord attached to it, and the handle 
which had been depressed to open the regulator must be raised. This will 
close the connection between the boiler and the cylinder, and will at the 
same time open the injection cock, and an instant vacuum being produced 
hy the jet of cold water, the engine will make a stroke. The plug-rod in 
its descent strikes with a projection or tappet the handle which had just 
been raised, which shuts tiie injection cock and opens the regulator, and as 
the pressure of the steam is about equal to the pressure of the atmosphere, 
the piston ascends, being drawn up by the preponderance of weight at the 
other end of the lever. The plog-rod in its ascent, when near the end of 
the stroke, strikes the handle upwards by means of another peg or tappet, by 
which the steam passage is again closed, and the iojection passage opened. 
The piston thns makes another stroke, and the same action is continued so 
long as the engine is kept supplied with steam and cold water. The hot 
water produced by the condensation of the steam flows out of the cylinder 
by the eduction pipe into the hot well, whence a part of it flows into the 
boiler (o restore ihe quanlity evaporated, and the remmnder runs to waste. 
A small branch leading ttom the iqjection pipe distributes water over the 
upper surfiiceofthe piston to prevent the leakage of air, and any air that may 
find admission either in the steam or otherwise, and which, if suffered lo 
accumniate in the cylinder, would destroy the action of the enpne, is driven 
out every stroke by the snifting valve, A certain leakage of air, however 
is beneficial, as it diminishes greatly the condensation of the steam 1 for the 
air, being diffused equably among the steam, will accumulate against the 
sides of the cylinder as against a sieve, which is pervious to heat but not lo 
air i and this film of air will prevent the access of the steam to the naked 
iron to suffer a destructive refHgeration. After a better quality of work* 
mansblp had been introduced Irr Smeaton, it was found that the en^ea 
were actually Ico tight; and an air-cook was therefore appended to give k 
regular admission to such a quantity of air as might be found beneficial. 

Before Smeaton commenced his improvements in the steam engine, he 
ascertained with much care the performance of a number of the enginea 
then in existence ; and of 15 engines at Newcastle he found thai the best 
rvsed about 7( millions of pouni^ one foot high with a bushel of coals, and 
the worst only 3\ millions. The engine he afterwards erected at Long 
Benton, and in which his improvements were ftilly carried out, raised, aa 
we believe we have already stated, about 9J millions; so that there waa 
much less difference between the performance of the best of the eommoa 
engines and Smcaton's engines than between the coI^Inon enginea tbeot* 
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mItm. TIm imprOTeiiieiitl iDtrodaced bj Smeaton cbiefl; molve them- 
selves iDto greiier care in ibe eotutmctton of the eDgmei, uid ■ better pro- 
portion and smmgemeat of the btuler, and ioToWe oeitber the application 
of any new principle nor any ftreat eipenditnre of iDf^noitf. Before 
Smeaton'i time the manofactare ^ eoginei was in Ibe handi of vtrj igoo- 
rant mechaniea who did not know the difference between power and force ; 
and their perpetual upiration wu to make the piston exert a great fbrce, 
withoat taking into account the velacicj of movement necessarf to make it 
operate effective!}'. It wai Ter; rarely the caie that the engine wm 
ftdeqaately supplied with steam: and when an eagine was found ineom- 
petent to its work in conseqaence of thii inadequacy, it was generally pro- 
Tided with a larger cylinder, which ooly aggravated the eviL Then the 
cylinder! were very ill bored ; and the condensatioo fWim the water lying 
on top of the piston, as well as from the water escaping past it, was very 
coniideiable ; while, at the same time, the piston rarely travelled a nifficient 
diataoce in the cylinder, and a great deal of steam waa lost every stroke by 
filing a nselesa v&cuiiy. The boilers, besides being too small, were geoei^ 
ally badly set, the bottom being too far from the fire ; and the firing wa* 
badly conducted, the coals being piled in a heap in the middle of the grate 
init^ of being apread evenly over it. The injection cistern wa* generally 
Mt too low, by which means the water was not adequately dispersed within 
the cylinder ; and the valve gearing wai for the most part so constrocted 
that the regulator did not open (aUj, by which means the steam wm 
throttled, and a heavy counterweight was necessary to suck the steam into 
the cylinder, which of course had afterwards to be raised at an expenditure 
Ofpower. These fkulta Smeaton corrected : his plan of sheathing the under 
nde of the piston with wood prevented much of the condensation by the 
water lying on top of it ; and the use of loore perfectly bored cylindera, 
which the establishment of the Carron iron works about this time enabled 
bim to obtain, obviated the condensation from water trickling down the 
cylinder tides. The boilers he introduced were very effecmal and satia- 
nelory. The annexed diagram represents one of hi) &vouiite varieties of 




cooalmctiou, called the haystack boiler, and is formed of cart iron. Three 
of these boilera, 10 feet in diameter and 16 feet 4 inches high, viere oon- 
•tructed to supply an engine with a 6G mch cylinder and Bj feet stroke, 
designed b^ Smeacon for pumping out the docks at Cronstadt in Russia. A 
is the ashpit 1 B the furnace i CC Ibe hemispherical top of the boiler; ce a 
cylinder joined with flanges and screws to the top to give more steam room. 
bb and dd eooicat pieces joined to the cylindrical piece, and which, with 
the bottom, complete the boiler ; D D are the Sues. \^'bere the water osed 
tor injection was of such a quality as woold Injure the boiler, as was the 
ease with some kinds of water raised from mines, and there was no abun- 
dant supply of better water at hand, it was Smealon's practice to collect a 
■nfficiency of good water, to suffice for the feeding of the boiler, either by 
» rain cistern or otherwise ; and he warmed this water, before Bending it 
into the boiler, by transmitting it through a worm or cistern situated in the 
bot welL The movement of the engine, when the qnantity of work to be 
done waa iiregnlar, wm conuuonly regulated by a contrivance called the 



catnnet, a*, ut h wm t«nned by Ae mhunn. 
the Jack-in-the-box. This apparatus conuUi 
merely of a imall cock, t, throogh which a 
drip of water is suffered to pass into th* 
vessel, Y, situated within the box Z, and w 
poised upon a centre, in counection with the 
lever, U, that U will preponderate when Y 
is empty, but not when it is fnlL When 
Y becomes tiiU, it will tilt over in the direc- 
tion indicated by the dotted llnei, rainog 
the catch 18 by the chain 22, and by this act 
will empty itself of the water, and resume its 
original position. The water flows away 
out of the box, Z, which is lined with lead, 
after having performed its fimction in raising 
the catch; and the catch, when raiaed, re> 
lease* a weight, which opens the injection 
valve, and the engine makes a stroke. T^e 
number of reciprocations, therefore, of the 
cataract determmea the nomber of strokes 
made by the engine, so tha' the speed of the 
engine is thus regulated by the degree of 
uTuuT. opening given to the cock, i, and which is 

determined by the quantity of water to be 
diaint. The cataract is not a contrivance of Smeaton's, but was used in 
iha Cornish engines before his time. A much better variety than that 
here figured is now employed, which will be described in its proper place. 
The great expense of coals In Cornwall had the effect of caosin^ a great 
variety of boilers to be tried there at a very early period of the hirtory irf 
steam improvement. Among other kinds, boilers biult of moorstone and 
traversed by internal flues were constructed ; but they do not appear to 
have been very Buccessful. the fault probably being that the amount of floe 
surfhce waa insufficient. The best boiler of this epoch that has bllen imdcr 
our observation is that set up at the York Buildings' waterworks, in 
London, about the middle of the hut century, and of which ve bei« give a 





sketch. A is the ashpit ; B the furnace ; C C the boiler shell ; e the steam- 
pipe I a ( d e the flue winding spirally and entering the chimney at/. 

But we have lingered too long among these antiquities, and have, we 
t^, tried the patience of our readers by dwelling upon contrivances about 
which nobody in these days of superior proficiency care* much. We aut- 
pect. too, that by saying so much about Smeaton we have, in some degree, 
damaged the keeping of our delineation ) for an illegitimate extension of an 
object exaggerates its importance quite as effectually as too gaudy a colour- 
ing; and we really feel that Smealon did nothing for the steam engine 
beyond what ordinary information and ordinary good sense might reason* 
ably be expected to effect. The circumstance, Dowever, that the atni»- 
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irberio engine ii not even jet s discarded initnunent, bat is >ti!l nsed in 
UtBatitnu wbere coal u inexpeniiTe, Teconcilei ui in aome meunre to oar 

Eroliiitf ; (cd we haT« been desirons, moreover, that our readen should 
ave a jdeI conception of the condition of the iteam engine before the 
advent of Watt, in order that they might the more truly appreciate the 
merit* of that mightj "•- -i-i— 
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B COXFLBTIOK OF THB tMFBOV BMENTB C 



The Hesm engine, as it left the hand of Smeaton, was a mere pnmp 
impelled bj the force of fire ; and even in the performance of iti aohtarj' 
Amction of raisiDg water, it conld oalj be betieflciall; employed in eituatiom 
vhere the coat of coal was inconaiilerable. The trangfbrmatioa of this rude 
implement into the modern steam ecgioe was the work of Watti and cer- 
tainly hietorj can fhrniah no Other eiample of to magnificent an improve- 
taeni having been achieved by a single individual. In other cases 
amelioratiaa haa spmog oat of a rich accumulation of experience, or out 
of the new facts presented to art by the progress of science : but Walt's 
improTcmenta were the progeny of his own fertile imagination, and were 
broDghl to the perfection in which we now behold them by hia own saga- 
raty and perseverance. — We cannot, however, trust ourselves to say any 
thing uptni a theme so attractive as Walt's genios at the present stage c^ 
our progress, as we fear we shonld afterwards be nDBl>te to speak of any 
thing else ; and we have jet to relate the moat remarkable steps in the 
history of his marvellons creationa. 

In 1763 Watt was a maker of philosophical instniinenta at Glasgow ; 
and io that yev Professor Anderson, who tlien filled the chair of natural 
philosophy, and who is ^nown as the founder of the Andersoaian Institu- 
tion, fWim which the Mechanics' Institutions took their origin, sent Watt a 
model of a Newcomen engin; to put into working order. The cylinder of 
thia model was two inches in diameter, and the length of the stroke sis 
inches, and the boiler was considerably larger in proportion than the boilers 
of Teal engines : bat Watt fbond :hat the bcnler did not anpply the enginea 
with steam enough ; and, in order to enable the engine to work at all, he 
had to reduce the load on the piston by lowering the column of water in 
the pumps. There were only two possible salotious of this anomaly : the 
one, that the boiler was a bad one ; and tbe other, that a small cylinder 
consumed more steam in proportion than a large cyhnder on account of 
the losa by condensation due to an increased cooling eurhce ; and the latter 
of theae explanationa was found to be the tme one. The loss, however, 
from condensation was obviously attributable to two causes : the one, the 
radiation of beat from the cylinder; and the other, the refrigeration the 
cylinder suffered traia the mfluent injection water. To determine tbe 
reUiive importanee of these cansea Watt made a amall engine with a wooden 
cylinder, by which tbe refrigeration due to the iranamission of heat 
through the cylinder would be prevented ; but this apecies of cylinder 
appeared to be very little more beneficial in any way tbao the common 
kind, while, in some respects, it was of courae greatly inferior. The 
greateat loss, therefore, appeared to be dne to the heating and cooling of 
the cylinder : and to determine its precise amount Watt made a number of 
eiperimenia to aaeertwo the relative bulks of the same weight of water and 
ateam, and he found that the cylinder of hia small engine consumed at 
every stroke three or four times the qoantity of steam that would suffice to 
fill it A great economy of fuel, therefore, it was obvious would be eficcted 
if the healing and coobng of tbe cylinder could be averted ; and this was 
only to be done by accomplislung the condensation of the steam in a sepa- 
rate vessel, which might ^ways be kept cold while the cylinder was always 
kept at hot as possible. A dimculty, however, presented itself in the accu- 
mulation wiChm this vessel of the water by which the condensation 
of the steam had been effected, and which conld not be driven out 
every stroke by snifting, as in the existing engine, without sacrificing 
all the gain the separate vessel conferred ; but the water, it was clear, would 
run off of its own accord if led down a distance of about thirty feet, 
as that column of water would preponderate over the pressure of the 
atmosphere. The air, however, which had entered cither by leakage or 
with the steam, could not be thus disposed oC bnt it mi^ht be removed by a 
pump wrought by the great lever, and that pump by dipping to the bottom 
of the condenser might also be made (o extract the water, and thus supereede 
the necessity of running it off by the method first suggested. These views 
appear to have become developed in Watt's mind about tbe year 1763, he 
being at that time in (he twenty-ninth year of hia age, and hia next step was 
to test their aoundness by experiment. For this purpose he constructed a 
small engine, fitted with his various improvements, and its performance 
not merely confirmed, but greatly exceeded his anticipations. Tbe next, 
however, and not the least difficulty, was tu getthe improved engine brought 
into opention, and three years appear to have elapsed before any service- 
able step was taken in that direction. Daring this lime Watt gave up hia 
bnsiness as a mathematical instrument maker, and became a civil engineer, 
in which new capacity he happened to be employed by Dr. Roeback, by 
whom tbe Carron iron works had been established, and he, on learning the 
nature of Walt's improvements on the steam-engine, agreed lo join him io 
procuring a patent and establishing a manufactory of the improved engines, 
on the condition of being allowed two-thirds of the profits. To these terms 



Watt willingly agreed, and in 1769 he lookout b patent (or 
meots, die specification of which is as follows. 

" My method of lessening the consumpdon of steam, and eoniequentlj 
fuel, in fire-engines, conusts of the following principles : — 

" First, That vessel in which the powers of steam are to be employed to 
work the engine, which is called the cylinder in common fire-engines, and 
which [ call the steam- vessel, muat, during the whole time the engine ia at 
worlt, be kept as hoi as the ateam that enters it ; first, by encloung it in a 
case of wood, or any other materials that transmit heat slowly i secondly, 
by Borronnding it with steam or other heated bodies ; and thirdly, by suf- 
fering neither water or any other substance colder than the steam, to enter 
or touch it during that time. 

"Secondly, In engines that are to be worked wholly or partially by 
condensation of steam, the steam ia to be condensed in vessels distinct from 
the steam-vesaela or cylinders, although occasionally communicating with 
them ; theae vessels I coll condensers ; and, whilst the en^ei are work- 
ing, these condensers ought at least to be kept aa cold as the air in the neigh' 
bourhood of the engines, by application of water, or other cold hodiea. 

" Thirdly, Whatever air or other elastic vapour is not condensed by the 
cold of the condenser, and may impede the working of the engine, is to b« 
drawn oat of the steam vessels or condenser* by mean* of pumps, wrought 
by the engines themselves, or otherwise. 

» Fourthly, I intend, in many cases, to employ the expansive force of 
steam to press on the pistons, or whatever may be used instead of them, in 
the same manner aa the pressure of the atmosphere is now employed in 
common fire-engines. In eases where cold water cannot be had in plenty, 
the engine* may be wrought by this force of steam only, by diteharging 
tbe (team into the open air after it ha* done it* office. 

■■ Lastly, Instead of nsing water to render tbe piston or other psot* of 
the engine* air and steam tight, I employ oils, wax, reainon* bodies, fiU of 
animala, quicksilver, and other metals. In their fiuid slate. 

" And the sud James Watt, by a memorandum added to the aaid qieci- 
fication, declared, that he did not intend that any thing in the fourth article 
should be understood to extend to any engine where tbe water to be raised 
enters the ateam-Tcssel itself, or any vessel having an open conunnnieation 
with if 

About the time he obtained his patent. Watt commenced the construction of 
his first real engine, the cylinder of which was 18 inches in diameter, and after 
many impediments in the details of the work, he succeeded in bringing it to 
considerable perfection. Tbe bad boringof the cylinder, and the difficulty of 
obtaining a substance that would keep the piston tight without enormous 
friction, and at the same time resist the action of (he steam, gave him moat 
trouble, and the employment of a piston-rod movmg through a stuffing* 
box was a new feature In steam-enginea at that time, and required great 
nicety of workmanship to make it effectuaL While Watt was conceding 
with these difficulties. Roebuck's finances became disarnmged, and in 1773 
he disposed of his interest in the patent to Mr. Boulton, of Sobo, near 
Birmingham, whose metal manobctory was already the most celebrated in 
England, Aa, however, a considerable part of the term of fourteen yean, 
for which the patent was granted, had already passed away, and as several 
years more would probably elapse before the improved engines could be 
brought into operation, it was judged expedient to apply to Parliament for 
a prolongation of the term, and an act was passed in 1775, granting an ex- 
tension of 35 years fhim that date, in consideration of the great merit of 




Preliminaty JXteourse, — ImpravemetUt of Watt, 



A partnenbip tu then condaded between Bonlton and 
Wart, and a part of Soho workg wm banded orer to Walt for the mann. 
tactnre of his enginei. He nov nude rapid progr«M, and b; 1778 had 
erected several ezcelient engines in the neighbouring coontie*, and one at 
Stratford near LoodoiL In these early engines he appears to hare employed 
(be method of condensing hj external cold, and ne persisted in the use of 
that species of condenser ontil the expense at its conslraciion and the incon- 
Tenience of its balk in the larger class of engines more than balanced the 
expenditure of poaer requisite to extract the injection vater trma a 
Taeaom. The preceding diagram sbe«s the manner in vhich Watt's im- 
proyentents at this period of their hialory were applied to the ordinary 
pnmpiag engines of the time, the sabititntion heing restricted to the 
cylinder and its appendages, and the great lever, chains, pomps, and other 
Mirta remaining unaltered. El, E is the cylinder sammndedby a steam case, 
into which the steam is delivered by the ateam-pipe a ; J is the piston, 
loaded with ■ pressure of between 10 and II lbs. en the square inch, instead 
of 7^ as formerly, in conseqoeace of the superior vacnuiiL n the piston-rod 
passing through a short tube affixed to the cylinder-cover, called the 
■tuffing-boi, and now east in the same piece with the cover ; /, /, the 
nlinder port ; t, the steam valve ; i, the edaction valve ; g, g, the educ- 
tion pipe I F, the condenser, consisting of a number of copper cylinders 
(if small diiuneler, arranged vertically in the cold water cialera G, G ; 
H, the pump, by which the condensed steam is extracted ttom the con- 
doiser, and returned to the boiler; I, the plug-beam, in which are in- 
•erted two plugs, or tappets, which strike at the proper times the handles 
D and r, and thereby give the requisite movement lo the steam and eduction 
waives, by the rods 4 and G, with which those rods communicate ; 16 is a 
weight which serves the same end aa the tumbling bob in the old engines, 
in confirming the inclination given to the valve gear by the tappet In 
the engine as thus constructed, the sleam-casing is obvioosly an integral part 
of the machine ; but thisplan was found to be attended with some incon- 
veniences, and in 1773 Watt contrived a way of removing this objectinn 
by the applicadon of an opper port to the cylinder aa shown in fy, lo, 
where E and J are the cylinder and piston as before ; a, the steam-pipe j 
i, the regnlating or throttling valve ; e, the upper port;/, (he under port ) 
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d, the prolongation of the steam jdpe to the lower port ; e, the equilibrium 
valve, by opening which the pressure above and below the piston is equalised ( 
i, the ednction valve, and g the eduction pipe leading to the coDdenser. In 
this figure the piston is sapposed to be in the act of ascending by virtue of 
the preponderance of the pump end of the beam, and tbe steam is leaving 
the space above the piston to occupy the space beneath it When tbe pis- 
ton lus arrived at the lop of the cylinder the equilibrium valve e is shut, 
and the educUon valve t is opened ; tbe steam then rushes ftom beneath the 
' piatou to the condenser, but as the saperior portion of tbe piston is still 
preaaed on by the steam, tbe piston descends with a fbrce corresponding to 
the difference of presaore above and beneath it. In this kind of engine 
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there is always «team above the piston and steam aod v 
beneath 1 but about 1780 it occurred to Watt, that tbe c 
might be made more perfect, and tbat a better result would therefore ba 
i«auBed if these condi^oni were reversed and a perpetual vicaum main- 
tained beneath the piston, while an alternate steam pressure and vacnnm 
was produced above it. In the one case the piston would ascend with steam 
of the same pressure on both sides, and in the other case with a vacanm 
of the same intensity ; but in the one case the working stroke would be pro* 
doced by the admission of steam above the piston, and in the other case bj 
the exhaustion of the steam from beneath it. The arrangements adopted 
for carrying oat these ideal are ilioiro in the annexed ddineation, whers 




E Eisthe cylinder and J the piston as before, a the steam ^pe,i the regn- 
lating valve, t the eduction and equilibrium valve, forin this variety of oon- 
struction a single valve performs the functions of both ; e the upper and 
/the under port) d,j,g, the eduction pipe by which the steam paases ftam 
above the plsloa during every retaming stroke to the condenser, a perpetual 
exhaustion being mainCaini^ beneath iL There was no advantage (bond 
to arise in practice from this ingenious transformation, hot rather tha 
reverse ; for, although a longer time was thus obtained for the accomplish- 
ment of the condensation, yet tbe process of condensation is so rapid that 
this additional lime was found to be of very little advantage ; and whatever 
advantage was thus realised was to some extent only transferred from tba 
working lo the returning strolie, a heavier counterweight bein^ necessur 
to redress any difference in the vacuum above and beneath the piston which 
might arise from a want of rapidity in the condensation, lliere waa also 
a grater leakage of air at the stuffing-box and aronnd the cyliader cove; 
in this species (^ engine i and the rare steam or vapour, remuning in tbe 
cylinder after the act of exhaustion, had its elasticity increased by the heat 
transmitted from the steam jacket, thereby opposing more resistance to ths 
piston, and robbing the effective steam of a portion of its heat. These 
disadvantages, taken singly, are all trivial enough, and indeed the com of 
them is of no very serious import ; yet, upon the whole, this species of 
engine appears lo be somewhat inferior to engines of the ordinary kind, 
and it never, therefore, met with an extensive adoption. Boulton and Watt 
at this time charged their profits in proportion to the saving of fuel their 
engines effected, one third part of which was to be payable to them annu- 
ally during the term of their patent, or the payment might be redeemed at 
a ten years' purchase^ Tbcir proposal was to raise 500,000 cubic feet of 
water one foot high by the consumption of llSlbs. of Wednesbory coals, 
which is equivalent to about S3J millions of pounds raised one foot ^gh by 
a bushel or 84 lbs. Their early engines, however, scarcely accom[^hed 
this; for two of them experimented on by Smeaton only lifled 18 and 
IS^ millions of pounds one foot high with a bushel ; bat these were small 
engines- The larger engines appear to have realised a performance of 
about SO millions ; so that the following rule, laid down by Mr. Bonlton in 
1778, pretty nearly expresses the performance of the larger engines con- 
structed by Boulton and Watt at that time. Compute the ana of Hit ipact 
dacril4d by (Ac pUbm ptr itrake ix cvbic fttt, aaa m\itipbf dut Ey lit bad 
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•g>M taei tguart aich of lAt pitton itt pontdt ; Ihe produci wiB be the tetight 
ijfcoalt in poundi rtguired la aark the engine 1800 ttroiet. Thii in equivi- 
lent to about 21] millioni r*iB«d one foot bigh hj a bo^el of coaL 

The next improvemeat of Watt'i that we have to men^n, ii hii plan of 
vorking steam expanclvelj. Tbia method cooaisti in arrealing the flow of 
iteam icto Che cy Under at a certain part of the stroke, leaviog the remainder 
(rfthe stroke to be accomplished bj the effort of the ateam that within the 
cjlinder to occupy a larger volume. The power of the engine is at course 
diminished by this procedure ', fbr the piston will descend with lesi force 
when urged merely by the diminishiDg effort of the expanding ateam, than 
ifpressednpoubjateam oftbe full firetsure entering to the end of the stroke 
from the boiler. But steam, or, \a other words, fUel, is saved in a greater 
proportion than the power of the engine Is diminished ; so that the ezpan- 
tiva principle augments, and very materially, too, the motive efficacy of 
the fueL In fact, whatever power is obtain^ from the ateam during the 
Bet of expanding is obtained without any expense ; for if the steam valve 
nf the cylinder be closed when half the stroke of the piston is performed, 
tbere will only be half the steam expended ; but the steam shut within the 
cylinder will press with a varying force on the piston up to the end of the 
stroke, and the power thus realised is evidently got without aoy expend- 
iture. We think it very probable that this improtement originated in the 
desire merely to moderate the force of the single acting engine towards the 
end of the stroke ; and, indeed, Professor Robisou, who, from his intimacy 
with Watt, waa probably well acquainted with the circumstances of the 
discovery, virtually says that such was the case. Id Newcomen's engine 
the momentum of the piston could easily be lessened by shutting the injec- 
tion cock earlier or by opening it less, and dangerous shocks might thus be 
•verted) but, in engmes provided with a condenser, the impulse of the 
piston wonld be best checked by shutting the steam valve at such a period 
of the stroke as would prevent the catch-pins from striking. The real- 
isatioti of an increaaed power, therefore, from a given quantity of steam by 
this expedient, was an onexpected result; but Watt immediately saw the 
importance of the principle, which in a letter from Glasgow in 1769 to 
Dr. Stnall, of Bimungham, he describes as capable of doubling the effect 
of the ateam. The distractions, however, incidental to hia other pursuits 
appear to have prevented him from carrying the principle of expanaion into 
practice until 1T76, when it was tried apon the engine at Sobo, and in 
1778 it was applied to an engine for raising water, erected at ShadwelL la 
178S Watt took out a patent for improvements in the steam engine, in 
which tlie principle of expansion formed a prominent feature, having been, 
probably, instigated to that act by a patent taken oat by Hornblower in 
1781 for a method of using the steam in an engine twice over i first 
impelling a small piston by the metbod of high pressure, propounded by 
Leupold, and then catching the steam thus used, and m^ing il instm- 
mental in giving motion to a larger piaton by the method of condensation. 
This scheme is identical in principle with the plan of using the steam 
expansively, for it is obvious that the same power will be given out by a 
cylinder, whether it be tall and narrow, or abort and wide, provided its 
capacity remains unaltered ; and if we suppose Homblower's high pressure 
cylinder to be shortened and wideoed, and set upon the top of hia con- 
densing cylioder, we shall (hen have a siagle cylinder operating ou the 
plan of eipaDsion, while the power ia obviotialy the same as before this 
transformation. — The subject of eipauaion, however, is so important, and 
at the same time ao mjsteriooa to tyro* in steam science, Chat it woold be 
impardonabte to pass it over withouC offering snch further familiar eluci- 
dations as may make the principle intelligible to ncskilful persons, and we 
believe these ezplanationi may be introduced here with greater propriety 
than at a more advanced stage of our progress. 

It is a well-known law of pneumatics that the pressure of elastic Snida 
Tariea inversely, as the spaces into which they are compressed. For 
example, if a cubic foot of air of Che atmospheric density be compressed 
Into ttie compass of half a cubic fooC, its elasticity will be increased from 
15 lbs. on the square inch to 30 Ibe. on the square inch, whereas if its 
volume be enlarged to two cubic feet, its elasticity will be diminished to ?! 
Ibe. on the square inch, being just the half of its original pressure. The 
same law holds in all other proportiona, and with all other gases and 
vapours, provided their temperature remain imchanged ; and if the steam 
valve of on engine be cloaed when the piston has descended through one- 
fourth, of the stroke, Che steam within the cylinder will, at the end of the 
atroke, just exert one-fourth of its initial pressure. Thus let E (Jig. 12.) 
be a cylinder ; J the piston, a the steam pipe, b the steam valve, c the 
upper port,/ the lower port, d the steam pipe prolonged to e the equili- 
brium valve, jT the eduction valve, M the steam casing, N top of cylinder, 
U stuffing box, n piston rod, P cylinder bottom : let the cylinder be sup- 
posed to be divided in the direction of its length into any number of equal 
part*, say twenty, an I let tbe diameter of the cylinder represent the pressure 
of the steam, which for the sake of simplicity we may take at 10 lbs., >o 
that we may divide the cylinder in the direction of ita diameter into ten 
equal parta. If, now, the piston W supposed to descend thronghfive of the 
divisions, and the steam valve then be sbut, the preisnre represented at 
each subiequent position of the piston will be reprtsenCed by a series 
compnCed according Co tbe laws of pnenmatics, and which, if the initial 
pressure be represented by 1 will give a pressure of -5 at the tuiddle 
of the stroke, and of 'SS at the end of it. If this series be set off on the 
horiaontal lines they will give a hyperbolic curve, the are» of the part 
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exterior to which repreaenti the total eOcacy of the stroke, and tbe 
interior area therefore represents the diminution in the efficacy of a stn^ 
when the steam is cut off at oue fourth of the descent. If the sqnares 
above the point where the steam is cut off be counted, they will be found 
to amount to 50, and if tboae beneath that point be counted or estimated 
tbey will be found to amount to about 68, and these squares are repre- 
sentative of the power exerted, so that while an amount of power, repre- 
sented by 50, liBS been obtained by the expenditure of a quarter of s 
cylinder fiiU of steam we get an amount of pcnrer represented by 68 with- 
out any expenditure of steam at all, merely by permitting the steam first 
used to expand into four timet ila original volume. Tlie efficacy of t 
given quantity of steam is therefilre more than doubled by expanding the 
steam four times, while the efficacy of each stroke i* made nearly one half 
less ; and therefore to carry out the expansive syitem in practice the cy- 
linders require to be larg^ than uaual in the proportioa to which tho 
expansion is carried. Every one who is acquainted with simple arithmetic 
can compute the terminal pressure of the steam in a cylinder when he 
knows the initial pressure and the point at which the steam is cut off, and 



taking their mean, he can easily determine the effect with tolerable accu- 
racy of any particular measure of expansion, of which tbe mean pressure 
thus determined will be the representative. We ahall, however, at the 
proper place give practical rules for computing the effect of expansion et a 
single step : at present we aspire to accomplish nothing more than to con- 
vey a few genend ideas on the sulyect to those who are not familiar with 
SDch inquiries ; and as a summary of the ascertained effects of expansion 
will probably induce a more careM examination of the principle at a 
fhture stage of our progreaa, we may here set down aome of the most noto< 



Let the steam be stopped at Its perform 



A fbrt^-hom engine, coustmeted by Hr. Watt about the time of the 
introduction of hi* eipanaive principle, was found to reqoire about %\ Ibf. 
of coal per horae-power per hour when woriiing wilhonl expanaion. and 
about 6i lbs. when the eipuuion was 1-518 times. The water evaporated 
from the boiler was, without expansion, ■fl74 cuKc feeC per minute i and, 
with the amonnt of expanaion already mentioned, '501 cubic feet per 
minute: and the quantity of injection water was, withoat expansion, lU'S 
cubic feet per minute, at a temperature of 5S degreea i and, with tbe expan- 
aion aforesaid, M-3S cubic feet. 



IVeliminarif Diteoune. — BornbUnea's FUtgtaritnu, Single- Aetmg Engine of Watt. 

. le Introdnclion of Bonlton uid Watl'i engine into Corn- 
waU, Mr. JonaUwn Bornblower hid been ooe of tha principal maken of 
engioM for that diitrict; and he appears to bBTemBdever; atnnooiu efforts 
to preTont hinuelf from being driven ont of so profitable amarkeL In 1781 
he took ont a paUnt, ai ve bvlieTe -we 1i&t« tireaAj meDtioned, tar a doable 
cyl'iDder engine, 'wbieli is said to have been invented in 177B. The form 
of this engine Will be noderstood U once by a glance at the accompanying 
sketched- 13.),irhereAisthelarg«rcylinderi Bthe smaller ooei CaodD 
their respective piston rodi; O a sqoare pipe tat supplying the tmall 
cylbder Tith steam from the bmler g K is the edaetion pipe leading to the 




condeiiMr, L, which stands on the box, M, and to which are fixed tbe 
pump* Oand H, £»■ extracting theairand valer; Pis a coM water cistern 
ui which the condenser stands ; U ia the hot well to which the water ii 
eoDTeyed from the air pomps by [be troogh, T ; aad into the hot well the 
hed pnmp V dipa to ohtun water far the boiler; W is the ping rod; and 
X the pump rod of the mine. At S a valve ia situated to admit cold water 
into the condenser ; and j> is a pipe leading from the condenser, closed on 
the top with a valve which serves ai a blow-through valve, abed are 
cocka, two at which are the reciprocal of the other two, and which establiah 
the requHta ccaDmonicalions between the boiler and the cylinders. When 
d and a are open, and h and c are thut, the steam from the boiler enters 
thtooftlid above the piaton of B, and the steam tVom beneath the piston 
of B entert, aboTe the piston of A, through a. At the same time the valve 
utoated in the eduction pipe, where it joins the cylinder, is open, and the 
enfpne makes a stroke. Again, when o and e are open, and a and d shut, 
a Gommanicalion is established between each aide of the respective pistons g 
and, as an eqniUbriimi of pressure is thus produced, the pistons rise by 
Tittne of the preponderance of the pump end of the beam. There is a 
great deal at maniiesl plagiariam in this engine : the condenaer and air 
pump, the cylinder covers with their staffing boiea, and indeed every 
thing good alMOt the engine, is evidently borrowed from Mr. Watt, with the 
^nne ezoaptiaii rf the two cylinders ; and by them nothing was accom- 
pli&ed that hA not been already attained by Mr. Watt quite aa effectoally 
wUi a ainftle cylinder only. The plan of two cylinders is tUIl sometimes 
OMd in eawa reqiiring a great cqnability of motion, or where the principle 
of ^tpantloD b carried to an nnuanal extent ; for the initial impalse is less 
T thfnwB I OS th« dooUe cylinder plan than where the ezpensioD is accom- 
ider, while utemean impellingfnrce remains the same, 
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There is thus less tendency for the motion to become irregidar, and ten risk 
of fractare from the extra pressnre of iteam requisite tomaintun the power 
of an engine when workicg expansively. Bat there is no theoretical gain by 
the use of two cylindEi*, and there is certainly greater complexity, while 
experience shows that an engine constructed on the common proportions ia 
strong enoagh to be capable of working np to its power at all ordinary de- 
grees of expansion, and the motion may be rendered uniform enough fbr 
most purposes by the use of a short stroke and a swift and heavy fly wheeL 
There are eases, nevertheless, in practice in which we think two cjlindei* 
are to be preferred to one, but their number is by no meaos considerable, 
and they lie very llute among the class of pumping engines. Several ex- 
cellent pumping engines, indeed, of the double cjlinder description have 
been erected in Cornwall ; and some, we believe, arc being constrocled 
there at the present moment, with the view, we suppose, of carrying the 
principle of expaniion very tax, withont involving the necessity of making 
the parts of the engine inconveniently stroog- But the same end might, 
we conceive, be attained as effectually, and with greater ease, by increaatng 
the length of the stroke ; and in a pumping engine uniformity <rf motion ii 
an object of but Utile importance. 

The form Mr. Watt's engine had attained about the period at which we 
have now arrived is shown in the fbllowing figure, where A is the cylinder, 
B the piston, C the piston rod, E the cylinder steam casing, F the steam 




pipe, Q the steam valve, by which the admission of iteom to the cylinder 
IS restrained or prevented. H the boiler, I the prolongation of the steam 
pipe to the eqnilibrium valve K, L the edaetion valve, M the rondenaer, J 
the eduction pipe, N tlie injection cock, O the foot vgjve, P the air-pnmp, 
Q the air-pump bucket, S the delivery valve, communicating with the hot 
well, T the auction pipe of (he feed pump, U the (bed pomp, V the cold 
water pomp for lifting the injection water into the cold water cistern, Y the 
valve hulllle^ which are moved by tappets on the plng-lree, Z, suspended 
tVom the beam ; a is the body of the btam. b the main centre ; c, c, truss rods, 
proceeding from the central upright, rf, to each end of the beam, to obviate 
deQection ; <,/arcb heads, to which the chains of the piston rod and pump 
rod accommodate themselves, g a small arch head for giving motion to the 
air-pump bucket, on the rod of which the plug tree is affixed ; h, j counter- 
balance weights ; A, suction valve of the pump ; o, o, flue* encircling the 
boiler ; p furnace ; r damper in the fine leading to the chimney. The 
manner in which thia engine operates is easily comprehended. In this as 
in the atmospheric engine, the piston necessarily stands at the top of the 
eyliader when the engine is at rest, in consequence of the preponderance 
given to the pump end of the beam, and the first step in starting the engine 
IS to expel the air with which the space beneath the piston, and the several 
pipes and passages have become filled. This ia accomplished by relieving 
the handles of the steam, equilibrium, and eduction valves, of their several 
catches, when the valves immediately fUl open by the gravitation of weights 
with which they are connected, and the steam finds an access to the whole 
internal part of tha engine. At first it is rapidly coadt^nsed by coming into 
contact with the cold metal ; but as the iron becomes hot the steam flows 
onward, expelling the air before it, and finally issues at the cuifting or blow 
valve, uioaled on the lower part of either the air-putnp or condenacr. Th* 



Frtlimiaaiy Diteourte. — CormtA Piraeut. Invention of tie Rotadve Etignu. 

■t thecommeneemeiilof hiacareer of iinproTementl It i« die itean-engliift 
nji ■ kindred ipirit, * that fought the b«t)«* of Enrape, and which now 
euhlei lu lo maintain the anlaoui Mrnggle in which we are MiU csgagtd 



valTCiraiift iiowbeihnt,andBTacanm will qoidl; be pradaced withio the 
ei^ine bjtbe condenaatioD eftbe Meam. The blowing through ma; be re- 
potted two or three timet, in ord» to expel the air effectnally, and tlie 
ifmptom of it* tboroogh e^mluoa i* the sharp crackling noiu 
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made by the (team U the m&ting Talve, which ii caoaed b? the 
lapid condennlion of the ateain when nanixed with air bj th« 
water aoffered to lie in the raifting valve chest to keep the valve 
tight. When the engine ha* been thorooghlf cleared of air hy 
Mowing ihroogb, the iteam and ednetioo Tiuves are opened at the 
lame tune, the equilibrinm valve remaining ahnt, and tbe iqjectioa 
cock is alio opened. Tbe Meam then preiung upon the superior 
•urfkce of the pinoQ while there i* « racuam underneath it, 
forces the piitoo down. The plug-tree ia its descent closet the 
steam and eduction VBlves,and opens the equilibrium valve, which 
ettablitbet an equality of pretinre above and beoeith tbe piatoa, 
and the piston then ntet in coDieqaeDCe td tbe pomp end of the 
beam being the heaviett. The plag-tree in its ascent closes the 
equilibrium valve, ind opent the ttetni tnd edncliou valves, and 
the action is thus perpetuated. The water admitted by the in- 
jeciion cock is discharged by the pump, P, into the hot well S, 
from whence a sufficiency of water is drawn by the imall pump 
U, to replenish the boiler. No improvement in the principle of the 
Hmple-acting or pumping engine has taken place since its parts 
were arranged by Watt in the manner here delineated. The great 
lever indeed is now made of iron instead of wood, parallel mo- 
tions are employed instead of arch heads and chains, and some 
improvementt have been made in the details of the tbIte gearing 
and other minotioi. But these modifications, though they may 
make the instrument more elegant and convenient, do not make 
it mora effectual ; and an engine made after Watt'a primitive 
type would with an equally effectual boiler, and an equal measare 
of clothing and expansion, do about the same amount of duly at 
the best of the modem constmctions. 

We have already mentioned that Bonlton and Watt cbarged th^ 
prcKftls not on the mantibcture of engines, but on the actusJ saving 
theireng)neteSeeled,tlMagreemeDtfor thenseof them beingSDca ^ 

that the patentee* became entitled to one third of the savmg in pr^ 
fiiel aeoompiisbed t^ the new invention. Their guns were thut 
in the proportion simply of tbe benefit they conferred, and tbe 
amount of that benefit may bejndgedof ft^ the Hex that the 
proprietor! of the Chase Water mine found it to their advantage to 
commute tbe proportioo of taring dne to tbe patentees for S.lOlU. 
[mm. These payments, however, gradually came to be 
upon as an intolerable burden by the mine owners, though 
the burden most obviously have been three times less grievous 
tli«n under tbe former sate of things ; but by some infirmity of 
human nature, men wbo respect 5ie right* of all other proper^, will 
often seise without compunction upon that which has sprung out of 
the highest order of mental exertion ; and of all m*nufacturer* there 
is no kind whose wares are paid for with so much reluctance as the 
manuf^turer of \iK*t. The Conush miners paid the proportion of 
savings due to the patentee*, with the unwilliagne*! natural to men 
who conceived (hat nothing liad been done to earn such rewards, and 
many of them eagerly *onght for a i»Tteit to break the agreement into 
which they had entered. Thej countenanced and supported a set of pirate* 
who left no means untried to wrest Mr. Watt's invention from his grasp ; 
and BO formidable did this confederacy become, that, in the imperfect 
state of the patent laws which then obtained. Hi. Watt appears to have 
entertained serious doubts of his ability to m aintain his rights. The 
msrchinatious of this cabal reached a head in 179S, in wluch jw, after in- 
finite forbearance, the patentee* were obliged to bring an action against a 
Mr. Bull by whom several of the mine-owners were represented, for the 
erection of an engine on Mr. Watt's plan at Oatfield copper mine in Com- 
wnlL The {uratea contended, as is usually done in tlie lack of better argu- 
ment, '>»«' the patent was informal iWon the want of preciuon in the 
tpecificatbn ; a dishonourable plea at the best, for no honest person would 
attempt to seiia upon the property of another, merely on account of a 
technical flaw m the title. Two of the judges however, called Buller and 
Heath, thought this pitifbl objection of weight; though Lord Chief Justice 
Eyre and Justice Rooke looked upon it as immaleriaL As the Court 
was divided equally, no judgment wat given ; and thit being looked upon 
■f a tort of defeat, several other inAingemcnts were begun. In I79B how- 
ever the patentees eonunenced another action for in&ingement in tbe Court 
of Common Fleas, which on tlus occasion was against Meaot. Homblower 
and Maberly, and a verdict was given for the plaintiffa. A similar case 
was tried in the Court of King's Bench, and the judges there were unani- 
mous in supporting tbe rights of the patentees against the cnpidity of the 
litigious highwajmeu who asiwred to legalise their robberies. It is incom- 
prchennble to as, how a man of iogenuity, which Uomblower certainly 
was, could descend to such arts as attempting to rob a brother mechanic of 
tbe fhiits of liis ingenuity and perseverance i and we are still mora at a 
loss to account for the bitter hostility displayed by Bramah throughout these 
trials ; wbo tried hard to make it clear that Mr. Watt had no right to any 
patent whatever I If Mr. Watt had no such right, who in the name of 
beaien ever had ? and of what rich gifts would not universal humanity 
havebeende£rauded,ifWaIthadbeenditeonragedfromproc«eding&nlMT | 




with conntriM les* oppretaed with taxation ; so that upon the slender thread 
of Watt's proeperi^, which a conn of law might have rudely severed, 
hung the welfare of'^nations, and the repose of the world. Fortunately for 
human nature, Watt's puny rival Bramah was not hi* Judge; and the ^iBculdea 
thrown in bis path as tbey were inaufflcient to impede his progress only 
stimulated his powers to a more active exertion. It was the Comiui 
conspiracy in all probability, that made Watt tnm his attention to the 
invention of an engine for the production of a rotatory motion, to that he 
mi^t continue to enjoy the fruits of his ingenuity, even though driven 
fttmi the Cornish field. Of this invention we must now proceed to give 
some accoont, but toay first enumerate the more notable prctJeets for the 
production of rotatory motion, both before and after the tine (J Watt i for 
although tbedateof some of these devices is more recent than that of Watt't 
invention they are all more antiquated in point of qnality. 

Savery and Fapin both ipto^otti the prodoction of a rotatory motion by 
mcanB of their machines, and in 1736 Jonathan Holts propoeed to propel ■ 
boat by the agency of paddle wheels moved by a Newcomen engine. In 
1TS9 Mr. Kean fitsgerald proposed to supply mines with air by meant rf 
a revolving fan, wrought by a Newcomen engine, and in 17TT Mr. John 
Stewart dncribed a plan for eanverting rectilinear into circular motion, in 
a paper read before tbe Royal Society, and in which he ineideotalty men- 
tions the use of a crank, but rqeets the idea at bong impossible in praetiee. 
In 1779 Mr. Matthew Wasbbrough took out a patent for the production of 
a continoous cireolar motion by the application of ratchet wheels. Indeed 
in all the plans we have mentioned, ratchet wheels or some analogous con- 
trivance, by which a wheel was carried round a certain distance during the 
descent of the piston, — the catches being either iDoperalive during the as- 
cent, or made to act opon raleheU disposed in tbe contrary direction, — appear 
to have been the insIrumentB ; but in ITSO the ratchet work of one of Mr. 
Washbrough's engines, nbieh had been erected at Btrmingbam, was removed 
by the persons wbo had the care of the engine, and a simple crank substituted 
in its stead. There can be no doubt we think. f¥om what Mr. Watt tays on 
this subject, thatthe idea ofthe crank fnuMoKf from Soho. The ratchets 
were found to be extremely troublesome (o keep in order; and the people in 
the charge of tbe engine were very likely to adtqrt any remedy thai was 
thonght to be sanctioned by so high an authority as Mr. Walt. In liSO a 
patent was taken out by Mr. Plckard of Birmingham for ametbod of deriving 
a rotatory motion from a fire-engine by the mterrentioa of a crank. The 
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flj-whMl, t the {dog-lTce which gives motion to the valTes. It is obrioos 
OM, thi* engine cui odI^ give an impnlae to the flf-whMl daring its down- 
ward ftroke, but the energy then impartei to the flj-wheel will continue 
the motion with coniidersble anifonniCy daring the ucent of the piston. 

To add to the regoLirily of the motioo, id the cue of & crank applied to 
*n engine on the stmospheiio plu, Mr. Francis Thompsoo of Ashorer, 
in Derbjtliire, oootriTcd abont 1795 a plan of combining two eylinden 
•0 M to prodnee a doable actioiL The foregoing representation shows 
the nature of his amngemeDts :— E {jig. 16.) is the ordinorf cyliiider, 
and F an inrefted cylinder sitoaled abore it with a space, n, between 
the eylinden to permit the eccess of the atmosphere to press npon the 
pinooa. L L i* the main IcTcr, aod K the arch head which ia connected 
with the piatiKi rod by doabte-acting drains through the mediom of A 
bridle, BO that the piston rod may eammniiicate an upward aa well ai a 
downward motion to the leier. Ttiere are three chains in all — two, 
far pvlling the lerer down, and one for palling it np. O is the cold water 
or iqjfKtion eiatem, which receirea it* water from the pomp R, through the 
P^ S I V la the lerer wall, U the spring beams, and X a solid pier of 
■naaoury on which the lower cylinder rests. M is the connecting rod 
which tarns the wheel, N. working into the pinion 0, on the shaft of the 
flj-wheel Q, thereby giving an increased energy to the fly-wheel by iti 
angaMHed Telocity. iiuthesteampipe,£andc^e steam 'TalTei,/apaBsage 
liirting fron die steam ralre into the lower cylinder, g g eduction pipea, 
k, i Ao infection oocki, j the injection pipe leading from the elevated cold 
vrter eislsm, k a anifting valve to the lower cylinder, and there ia a 
■imilBr valvo attached to the opper cylinder, but it is not shown ; / the 
ting rod wludi gires motion to the valve handles, r and t, br which the 
InneM of the steam and injection «»ter into the cylinder is doly regulated. 
Alaige engine on this plan was set ap by Mr. Thompson at Arnold near 
Hottil^Mm, to drive a spinning mill, and it accomplished its task soccess- 
fldlr ftr many yeara, though with a Urge conanmption of fiieL The 
vfanAm were 40 inchee in diameter, the length of the stroke 6 feet, and 
aeiamber of Mrokeaperminata 18. Terr few timilar enfiinet. however, 
bave dnee heen coaatnieted, as they were ftmnd qnite aa diScnlt to keep 
ia good order a« the more reBned engine* «f Boultoii Md Watt, and ttt 
Wn extnvi^ani in ftaeL 

AiMulf doable-acting atmoapberic en^ne, of a diff^rsit conatmelion, 
tat alio omployed Ibr spinning cotton, waa creeled in Uanebester by 
KeNTi. Sbamuti about ITM. llie idea of the donble-actiBg iMchanism of 
Ah n^na is evidently taken fttjm the donble-acdng air pnmp, aa eon- 
■iBBIalby phUoBophieal instmment inakeia ( and of the rest M the plan 



the greater part ia pirated firom Mr. Watt. EE(/if.l7.) arc the cylinders 
open at the top, J J the pistons, K K the piston rods, which are toothed, 
and work into the irheel L L, which answers the purpose of the great 
lever. 1 1 are racks for giving motion to the air pumps, and which work 
into the smaller wheel T, T, sitoated on the same axis as L. P is a lever 
also fixed on the same axis p, and which, by means of the connecting rod 
M, impart* motion to the crank, N, fixed on the shaft of the fiy-wheel Q. 
a a is the steam pipe with a middle branch, d, descending in an inclined 
direction to the box holding the steam valves// and beneath which are two 
eduction valvel commnnicsting with the eduction pipe ;. F i* the condenser, 
i the foot valve, H H the air pumps, 1 1 the hot well, G G the cold water cistern t 
U U are strong beams for supporting Che axis, d, of the wheel L, X X strong 
beams for supporting the cylinders, and Z a throttle valve in the de- 
scending branch, li, of the steam pipe, toregulntethefiow ofthe steam. The 
cylinders of this engine were -16 inches in diameter, and the length of the 
stroke i feet. At first the engine made 40 stroke* per minute, but iu speed 
wai afterwards reduced to 30 strokes per minute. Jt continued lo work con- 
stantly for upwards of 30 years, bat its proprietors had to pay Mesara. 
Boulton and Wait for a licence to use it, in consequence of the large adap- 
tion of their improvements. The use of the rack work is not so o^ection- 
able as might at first sight appear, a* the preisure on the teeth is always 
in the same direction, provided steam of no higher tension than the atmo- 
sphere be Dsed, and there is therefore no hack-lash between the teeth. 

The only othn engine we shall notice before proceeding lo detoribe 
Mr. Watt'i rotative engine is the engine of Mr. Edmand Cnrtwright, 
patented in 1797. The following are the improvemenl* enumerated in lut 
specification : — 

" 1st, The water or other liquid which i* used to produce the steam to 
work the engine is to circulate continnally through the engine, without 
having any cotnmanication with the external air, and without mixing with 
any other fluid. 

" Snd. The lower part of the cylinder is to be always open to the con- 
denser, and the condensation ia to be performed daring the reCaming stroke 
of the pisttm, which has only a ringle action. There are to be only two 
valve*, one at the top of the cylinder, and the other in the piston ; and these 
valve* are to be opened and shut at the proper intervals, by the motion of 
the piston itself 

" Srd. The condensation is to be peifomed in a dose vtasel by the appli- 
cation of cold water to the external sorface of that vessel on the common 
principle of distillation, without any injection of cold water into iL The 
condenser is to be composed of two eylinden of very thin metal, one fixed 
within the other, so as to leave a very narrow space between them for the 
steam. This condenser is lo be immersed in cold water, which is to *nr- 
roBUd the ootiide cylinder, and to fill the internal cylinder, whereby a very 
thin stratum of steam will be exposed to « l«^ sarftee of cold metaL The 
condensed liquid which drains lo the bottom of the condenser 1* to be dmwn 
DS 
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out b7 B nutable pump, and returned into the boiler, anv air -which ma; 
get into the eoDd^iier being •eporated f^m the valer before it reaches the 
DinleTi and diKharged into the opea air. 

■■ 4ih. The piitoD ii to be nude entirely of metal, vithout auj hemp 
packing, 

LaatTy. Initead of water the boiler ii to be filled with distillen' wash, to 
pTodnoe the tteam vith which the engine ia to be worked." 

The ttruetnTe of thii engine will be made apparent by the annexed deli- 
neation. EEC^.18.)i* the cylinder.and JJ its piston, which ia in the act 
of deaoanding. C ii the steam valre litoaled in ihe cjliadercoTer, and en- 
cloMd in the box d. F ii the condenier ; B tbe air pomp, the piston of 
wUoh operate* bjr expreMioD ; G the cold water ciitem ) O a pinion 
■ilnalcd on the thaft of the fly-wheel QQ, and niOTed bj the wheeU N If. 
To the Bxei of theie wheels are affixed the crvnka p p, connected with the 
cron head p o, bj the rodi M and K. a ia the steam pipe, r a small spring 
affixed to the npper end of the piston rod for ahuttmg the steam valve, 
when the piston has descended aufficientl; ; n ia tbe piston rod,/, ir the 
edactioo pipe, k the foot valve, la the diacharging valve and jnpe, Ihroogh 
which the condensed steam which enters the air pnmp dnring (he ascent of 
the piston is cxpelied into the hot well I. A float ia placed in the hot well, 
commnnicating with a amall inverted valve, and should any air enter the 
engine b^ leakage it will acrontnlate in the hot well, and depreaa the water 
level, which will open the valve and allow the air to escape. T la a [upe 
which coDveja tbe water from the hot well to the boiler. The valve in the 
piston ia opened b^ its spindle tonching the bottom nf the cylinder, and the 
B[undlei of both it and the steam valve are pressed laterally b^ aprings, so 
a* to DanaiDn snflieleni friction to retain the valve in the poaition in which 
it may be set. There ia a great deal of ingenuity displayed in this combi- 
nation, bnt the devices are more elegant than feasible, and engines made 
on this plan were not fonad to work well. The renHgenting snr&ee in 
the condenser i* mucb too small, and the air would accumnlate beneath the 
air pump piaton, and impair the vacuum. Another obvioua diaadiantage 
ia, that the preaaore of the steam in tbe boiler is thrown upnnthe air pnmp 
piston so aoon as the discharging valve is opened, which must occasion an 
□nnanal strain npon the air pnmp if the prpuare of the ateam be conaider- 
ahle. Metallic piatons are now common i hut that contrivance had pra- 




viously oeenrred to Mr. Watt : and there ia nothing else that is good in thia 
kind of engine, and aU of Cartwrighl'a enf^nea that were made have either 
been discontinoed or broken up. — Bat we moat now retom from the con- 
templation of Ifaeae impeifect contrivancea to the proceeding of Walt, to 
whoae unaided ingenuity we are indebted (br the donble-actmg steam-en- 
nne at we now find iL We cannot do better than give in bit own worda 
the several step* of the invention. 

" I had very early turned my mind to the producing continued motions 
round an axis ; and it will be seen, bj reference to "my first apecification 
in 1769, that I there deaeribed a steam-wheel, moved by the forae of steam 
acting ID a eireoiar channel againti a valve on one tide, and against a 
column of mercnry, or tome other fluid metal, on tbe other aide. This 
waa executed npon a scale of about six feet diameter at Soho, and worked 
repeatedly, bnt waa given up, as several practical otjectioos were found to 
operate against it Similar objections lay against other rotative engine* 
which bad been oontrived by myself and otheia, as well as to the engines 
producing rotatoir motions by means of ratchet-wheels. Having made my 
reciprocatuig engmea very regular in their movements, I conaidered how to 
produce rotative motions fhim them in the best manner ; and amongat 
various achemes which were aubjected to trial, or which passed through my 
mind, none appeared so likely to answer the purpose as the application of 
the crank in the manner of tbe common turning lathe (an mveniion of 
Rrat merit, of which the himible inventor, and even its era, are anknown). 
But, as the rotative motion is produced in that machine by the impulse 
^ven to the enmk in the descent of the foot only, and behoves to be con- 
tinued in its ascent by tbe momentum of the wheel, which acts as a fly, 
and being unwilling to load my engine with a fly hetivy enongta to eontiane 
the motion daring tha ascent of the [niton (and even were a counterweight 
employed to act during that ascent of a fly heavy enoogh to equalise the 
motion), I propoaed to employ two engines acting upon two cranks fixed 
on the same axil at an angle of one hoDdred aixl twtnty degree* to one 
another, and a weight placed upon the eiKunforenee of the fly at the aame 
angle to each of the cranka, by which neant the motion might be rendered 
nearly equal, and a very light fly only would be reqniaite. This bad oc- 
curred to me very early ; bnt my attentk» being flUlyetnployed in making 
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H peOe until aboat th« 
De of hii ntchet- wheel 
■1 mt Binninghun, the freqacBt bnakige* and irregnlaritiei of which 
nailed the niltjeot to mj mind, ud I proceeded to make a model of in; 
method, which knswered mj eipeetatioiii) bat hanog neglected to take 
ast a patent, the inTention was eamm>mic«i«d bj * worlunan employed to 
mike the model to lome of the people about Mr. Waahbrough'i engine, and 
■ patent wu taken oat by them fbr the application of the crank to iteBm 
engines. Thia &ct the taid workman cooieMedi and the engbeerwho 
dtNCted the works acknowledged it, bat said, aeTertbeless, the same idea 
bad oeeomd to him prior to hia hearing of mine, and that he had even 
uadekmodeltif it bdbn that time, which might be a&ct, as the applica- 
'' n of a dogle ennk was niffleientlj obrwus. In these 



lajthematteropen to every body. Accordingly) in 17B1, f invented and 
look oat a patent for levenl methods of producing rotative motions fhjm 
reciprocating aam, amoogit which was the method of the son and planet 

** This eontrivinee was applied to many engines, and possesses the great 
advantage of pving a doable velocity to the fly ; but is, perhaps, more aub- 
jeet to wear, and to be broken under great stnunt, than the crank, which 
is now more commonly used, although it rei^oires a fly-wheel of tbnr timeg 
the weight, if fixed upon the firtt axis. My application of the double 
engine (o these rotative machines rendered annecfssary ifae counter-weight, 
and produced a more regular motion ; so that, in most of our great mann- 
fKtoriea, theae engine* now supply the place of water, wind, and horte- 
nills; and instead of carrying the work to the power, the prime agent is 
placed wherever it is most convenient to the manufictarer. 

" I do not exactly recollect the date of the invention of the double 
mgine, but a drawing of it is still b my poaseuion, which wit produced in 
the House of Commons when I was Bohdting the ad of Pirliamenl fbr the 
pToloogalioa of my patent in 1774 and 1775. Haviag encountered lonch 
difleul^ in »— ^iime othen the cotutraction and use of the single engine, 
and in overooming prqndices, I proceeded no farther in it at that time, nor 
BDtil finding myidf beset with a host of plagiaries and pirates in 1782, I 
■ ■ ■- - -- ' !. --. ---)e other thing*, in the patent above- 




" Fig. 19. IS a vertical section at one of the Albion Mill engines. The 
•team-inpe conveys steam fium the boiler to the cross-pipe, or upper 
•tewn-noiile G, and by the pMpendicalar stesm-pipe to the lower 
■leata-DOSxle. la the noiile O is a valve, which, when open, admits 
■team into the cylinder above the piston through the horiiontal square 
pipe at ita top ) and in the lower steam-noiile there is another valve, 
which, when open, admit* sl«am into the cylinder below the piston. In the 
tqtper eshaustion-noiile is a valve, which, when open, admits steam to 
!■■ from the cylinder above the [uston into the exhaustion-pipe J, which 
wnv CT* it to the condensing-vessel M, where it meets the jet at the injec- 
tion frai the cock S, and is reduced to water; and, in the lower ex- 
hMMtioo-noiale, there is also a valve, which, when open, admits steam 
M out irf the cylinder below the [uslon, by the edaction-pipe, into tiie 

"ne^atonbeingu the top of it* stroke, the valve* Gand L are to be 



opened, and the fly-wheel m turued by hand about one-eighlh of a revoln* 
tion, or more, in the direction in which it is intended to move ; the steam 
which is then in the cylinder wiH pass by L into the condenser, when, 
meeting the jet of water from Ibe iqjection-cock, it will be converted iuto 
water, and ibe cylinder thui becoming eihaoated, the sleam, enlering the 
cylinder by the -ralve G, will press upon the piston and cause it to descend, 
whiles by It* action apon the working beam throngh the piston-rod, &e., it 
pull* down the cylinikr end of the beam, and raises op the other end ud 
the connecting rod A, which canses the planet-wheel, i, to tend to revolve 
round the son-vheeljg but the fbrmer of theae wheels, being fixed npoa 
the connecting-rod so that it cannot torn upon ita own axis, and its teeth 
beingengsged in those of the sun-wheel, thelatter, and the fly-wfaeel, apon 
whose a^e or shaft it i* fixed, ere made to revolve in the desired direction, 
and give motion to the mill-work. 

" As the piston descends, the plug-tree^ Z, also descends, and a clamp or 
slider, q, fii»l upon the side of the plug-tree, presses upon the handle, I, of the 
upper Y-shafl or axis, and thereby shuts the valve* O and L ; and the same 
operation, by disengaging a detent, permits a weight suspended to the arm 
of the lower Y-ihoA lo tarn the shaft upon its axis, and thereby to open 
the other valves. The moment previous to the opening these valves 
the piston had reached the lowest [wrt of its iitroke, and the cylinder oioca 
the piston was filled with steam ; but aa soon as H is opened, that steam 
rushes by the eduction-pipe, J, into the condeuser, and the cylinder aims the 
piston ts exhausted. The steam from the boiler entering by I and K acts 
upon the Imoer side Of the piston, and forces it to return to the top of the 
cylinder. When the [ustoiii* very near the upper (ermination of its stroke, 
another slider, a, raises the handle, and in to doing disengage* the catch 
which permita the upper T-ihaft to revolve upon ita own axis, and open tho 
valves G and L, and the downward stroke commences, as has been related. 
'When the piston descends, the backets, R T, of the air-pomp P, and hot- 
water pump T, also descend." d, / are the rods and lii^ of the parallel 
motion, W the governor eommanicating with the throttle valve L, bj 
meaui of the lever X. The second air-pump, T, ia not used in modern 
en^nea, and the sun and planet wheels have given place to the crank ; but 
thi* engine is as ct^isble of e good performance a* the best engines now 

In the first double-acting engines constructed by Mr. Watt, the motioii wat 
imparted from the piston rod to the beam by means of a rack and sector, the 
upper part of the piston rod being toothed, and working into a toothed arc 
at the end of the great lever. This plan, however, was found to be ol^ec- 
tionable in practice, as the teeth shifted dieir point of contact to their oppo- 
site aides at every turn of the stroke, and the noise and concussion thu* 
occaaioued gave rise to iiyury and inconvenience. To obviate these ol)jec 
tioiu, Mr. Watt contrived a method oF coimecting the piston rod to the 
beam by a link and at the same time counteracting the disturbing influence 
of the beam radius, by means of an expedient termed the parallel motion, 
fbr which, and some other improvements, he took out a patent in 1784. 
Tbif va* hi* Giarth patent, hit flnt being for the condentatinn of the iteam 
in a separate vessel, lus second fbr the production of rotatory motion, and 
his third fbr working steMii expantively, and for the double action engine 
Thefborthpatentieftallofmgcniout contrivances, some of which we may 
here enumerate. Tht first of them is a new rotatory engine, which might 
not be unupropriately termed a steam turbine. A vetael shaped like a de> 
canter ia divided vertically by a diaphragm, and poised apoa a pivot at the 
bottom, whilst the neck is put in connection with a steam pipe. Each com- 
partment is provided with a valve at the bottom opening inwards, and with 
valves at the neck, by which the steam may be admitted into each compart- 
ment alternately. The veseel is immerged in water up to the neck, by 
which meant both compaitmenia are filled with water, and the steam being 
then let into one compartment Ibiee* out the water throngh an appropriate 
apertnra at the bottom, and putt the instrument in revolauon after the same 
bihion u a Barker'a mill So aoon a* the water is expressed oat of one 
compartment, the steam it tamed bto the other, and that first acted on 
bec^neaagainlidll^theriseof the water through the bottom valve, vbes 
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the ttcun pretnre U withdrswn, and U tliM retdy 
HUflnt 

The MOODd contriTanee mentioned in thii patent ii tbe puvUel motion, 
efvhiehMvenlnrietieiarerepTsaentcd. Let ABandCDOi^-SOObetwo 
laren ntntted one above the other in the sameTertio*! pbuie, »nd connected b^ 
the link B D ', daring iheic morement into (he poaiUon indicated b; the dotted 
lint*, the point E will not drmt« Mniiblj ont of the vertical line^ U, there- 
fere, A.B be sappoeed to be half of the beam of an engine, and the pialon 
nd be attndied to the point E, iti proper action will be oadUturbed by the 
motion of the end of the beam in the legment of a circle. Tbji kind of 
paralld molioD, however, ii not very often employed ) bat a kind termed 
the ooa^fali parallel motion, de- 



Fig. SI. 
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univeraaUy in the eate 
of land beam engine*. 
Here AB 0^.31.) U 
half the beam ai before, 
A being the muD centre, 
BE the main link* eoa- 
neeting the [uitoa rod, 
F, with the end of the 
beam, QD the air-pump 
links, ftom the centre of 
whiob the air-pomp rod 
la KUpended. Tberoda 



than they had hitherto been in the perfbnnanee of their Ibnner tkmetioK 
of raiung water. In hia alngle-aoting engine* Xr. Watt had been in tho 
hsbitof UMng a valve called tne throttl*-ralve, to modi^ the apeed of th* 
pitfoQ ; and in a eaae where nnifinmi^ of motiea wa* no great conae- 
qnenoe, it waamfficieni to regulate tluf valve by hand at OManoareqaired, 
bnt in the impolaan of uiUwork, eapadally of that dMctipdoa employed in 
the cotton manufiKture, a perfect Bniffannity in the engine apead became «x- 
trunely important. Thi>,itwa»obvion«,eonldonljbaBecompliahedbywNn« 
aUomatie contrivance, by meant of which tbe engine laight be made toredreaa 
itt own irregularitiei, and b^ the ^i{dication of tbe governor Mr. Watt per- 
fiKtlv accompli^ed ttw demred olgect The pernor had pnvioiiily been 
applied, after a very mde fkihioD, to tht ngnlaUon of the motion of windmillt, 
...._, t_ — '■'- theereatioaof Wan,tndH' 
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whioh give the parallel- 
inn. CD II moveable 



only nrand the fixed centre C, but ED is not only moveable round 
the centre D, bnt the centre ittelf move* io tlie are deicribed by 
C D, and by thit action E D redrenea the distorting inflnence <u 
ita own radiui. 

The next expedient deaeribed in tlut tpe^cttiaa that we ahall 
mention it a method of working a tarn iummT in tbe direct force 
of Meam withoot the interrentioo of camt or wbeel-work. This 
eoDtrivance haa been of late reanteitaled by BIr. Naamyth of Patri- 
cToft, and inventiont are eoDtinnatly bring proponnded at new and 
improved netfaods of operation, which are to be fbnnd in all their 



"My fifth Dew improvement coniiita in making the steam cy linden in the 
form of greater or letter tegmeau or KCtort of aylindiical veiaelt ; and 
placing in the centre or axu of the dicnlar carvatnre of euch vetteli a 
round ihaft or axle which panea tbrongh and extend) beyond one or 
both ends of the iteam-vettel, and I that up the endi of the tteam-veisel 
with tmooth flat platei which have proper apertoret for the axle or ihaft 
to pait through ; and within the iteam-vesBel I fix to the axle a plate by 
way of [wton, extending ftom the axle to tbe circular nrcnmf^renoe of the 
neam-TCttel, and alio extending trota one end of the iteam-veesel to the 
other end thereof, and I make tuch piaton tteam-tight by torrounding 
(te parti which fit to the ateam-veaiel with hemp, or other toft labManeet, 
■oakedin gieaaeor oil by meaniof iprtngt madeof atecUorothertoIidand 
dattic or pliable matcri^ ; and withm the tleam-veaael I fix one or more 
plalea or divLtiont extending from ^e axle to the circumference of the 
ateam-veitel ; and where theae plates or divisions Join to or approach to the 
axlc^ and also where the said axis pataet through the end platet of the 
steam-vessel. I make such Jraningt steam or air-ti^t by similar means." 
TbiM, in all its main features, ii tdentioal with the engine lately pnfjected 
by Ericton, and fixed by bim on board the United Slatea ateamer, "ninee- 
lon." Again, in one of theae patents we have the cootrivsnoe known as 
the trunk engine, which eonnstsofan engine with ahollowiHston rod, within 
which the connecting rod libraie*. We have alto a portable engine 
■uohinery fbr moving wheel earriagct, and it is stated that the steam 




Indeed, tliere is scarce an invention in steam machinery holding out any 
reaaonable advantage that has been proponnded wnce Mr. Watt's time, of 
which the ^erm, more or lest developed, may not be fbond in lus patents or 
in hit practice. 

When tteam-enginet were first employed to turn millwork, it becsme 
~~"'~' ~~ make their movements more regulsr 




lince it left hit hand. To our lets proficient readers a repre- 
sentation of the governor, snd an accoont of the manner of its application to 
regulate tbe throtlle-valye, may not be imaeeeptable. A (^. 23.) u the seat of 
the throttle- valve, and Z the valve itiel^ turning on a spindle which pawe* 
throogh its centre : a is tbe Meam pipe, » the throttle-valve lever, on which 
the rod H proceeding from the governor acts ; D D it the spindle of the 
governor, which it pat into revolution by meant of a bell acting on the 
pulley d; E E the b^ hung on tbe ecdt it amu, wbicfa croat etch other at 
e, like a pair of scissors. On the spindle DD being put into motion, the 
balls recede from the spindle by virtue of their ^ccntnfugal force, and in 
doing so draw down the collar, mto which the lero' F works, by means of 
the links/, h. By depresung the end F, of thp lever, whoee centre is at G, 
its end H is of course elevated, and the valve Z it thereby partially closed, 
the effect of which is to redress any extra speed of the engine, which may 
have caused the balll to diverge bnond their accustomed range. 

The engines erected by Messrs. Boulton and Watt, abont 1 T 85, fbr giving 
motion to (he machinery of the AlUon mlllt, contained all the improve- 
tnratt that we bare enimiented, and thoae enginea are tbe type fMn which 
land enginea, up to the pretent time, have beoi conMrueted. The tun and 
planet wheelt, indeed, have been diaearded in modeni en^es in &vour of 
the crank, and the main lever ia now made of iron instead of wood. The 
modem valve gearing is also difi'erent, and works more harmonionsly, the 
slide valve being used instead of tpindle valvea moved wUh tm>etB ; but 
although the engine is made more elegant by theae modificationt, it '- - - 
lade more effectual, and the enginea of tht '"'' "'" * ' 
tile exceeded in their performance by the 
jork with the tame meatore of expansion. 

The valve gearing applied to the engines of the Allnon mills, which wss 
Oiat generally emploved by Heatn. Boulton and Watt at this time, it 
worthy of being described. addOSj. >4.)it Ae tteam pipecommnnicatiiig 
with the compartmentt ft uid e, above the steam valves, gg is ths eductioD 
pipe oommumeating with the spacee A and t, below the eduction valvea, 
Tbe spaces e snd y communicate with the cylinder. 

In the gearing, as represented, the upper tteam and under eduction 
valvet are open, to that the piston must be in the act of descend- 
ing. Z is the throttle-valve, I the plug rod, 3 and 8 tbe (appett. which give 
motion to the lever t, sitoated on tbe shaft ■, and by meani of which the 
upper eduction and lower steam valves are opened and shnt through tbe 
medium of the rods IS and U. The handler on the shift r it moved by 
tappets on the other side of the plug rod, which are hardly visible in 
this view, and opens and shots the upper stesm and lower eduction valvea 
at the light intervals by meins of the rods 10 and 1 1. The valvea at« 
kept shut by weights snspCDded ftuta lhelcvnt4 and lS,thelevcnpBtnng 
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w OTer the MDtre, vhen the vilre ii closed and the gravity 
(tftheveighit Ihu tending to keep the TBlTe«clo««dflniilj after themsDner 
of ft tumbler. The leien uid rodi, it -will be obterred, ore io the same 
»tnight line vhcn the T«lTe« uv cloiad, and it is therefore impoeiible tbst 
the whaniting nlTci can be farced open by the pretmre of the ateam. 
Thk kind of valve gearing was found to be ver7 eSectnal bo long m it 
TOnuned m good order; bat in the event oT wear or mal-adjuitment a con 
nd«nble leakage of ateam to^ place throogh the edactioa valve*, and it 
WM therefbre fatmd preferable to emplo}' a ipeciei of eduction valve that 
«•* preswd doaer by the iteatD. (K theie improved valve* one of the 
noat elegant varietiei ii that contrived b; Mr. Murdoch, of nhicb we here 
^ve k Kpreaentuioik. add (Jig. 2i.) ii the (team pipe, and Z the throttle- 
▼alva, u befi^e ) pothe eduction pipe, joined lo the upper and lover com- 
pMUienta k and i. The ([dndlea of the eduction valvea pan up throogh the 
4>iAdles of the itcMn valve*, the eduction valve* being connected with the 
lercn IS ud 10, and the (team valvei with the leven 19 KDd SI. Of thi* 
valve gearing Mr. Faiey ha* given a very elaborate accoont, which we 
here introdnc* for the b^iefit <rf luch of one reader* ai have virtne enough 
to read it 

** The valve* are raited by auitable thort lever* fixed upon horiioutal azea, 
which are moosted in brackets fixed to the fhmt of each box ia which the 
valvea are contained, and riting up above the cover of that box. The 
qandle of each of the exhausting- ralvea has a square openinv through it 
near its upper end, to receive the extremity of the lever by which the valve 
is (o be raised ; and the hallow spindle of each steam-valve is included 
between the extremities of two leven, which are affixed apon the same 
tajt parallel to each other, and those eitremitie* eater into a circnlar 
groovs finmed rmud the ootside of the staffing-box at the top of the hollow 
■fittdia, ao u to enable thoae leven to lift np the ttofflng-boi and the valve. 
TbtnpfetmA «ftbe a^undles of the exhausting-valve* are received in 
find goidaa which retain them in their vertical poution, and the lower 
cait or the tame spindle* are retained in sockets in the rentrea of the valve 
■aala. The •Indies being thus guided at their upper and lower ends, the 
valvea 'mil rise and bll very concctl; into their seat*. The steam-valve* 




are guided by the same spindles which paia through them, and el*o by the 
stnfflng-hoxes through which their hollow spindles pas* in the centres of 
the covers. The utmost accuracy is required in the execution of thcM 
nossels to make the seats for the two valves exactly concentric with each 
other, and also with the upper edge* of the boxes where the coven are 
fitted OD, and with their stuffing-boies. The horiioatal axes of the leven 
by which the valve* are lifted, have other leven 18, 19, and 20, 31, fixed 
upon them, and projecting ont in an opposite direction in fVont; the ends 
of tbese levers are connected by the npnght rods 10 and 13, so as to unite 
the leven for the opper and lower valves r, t, in two pain. The leven SO 
and 21 can be prolonged, at shown hy the dolled line* in Jig. 3*. by iniert- 
ing the ends of ban r and * into sockets formed on the top of each lever i 
these ban serve as lever handles, and by depressing them the eogine-msn 
can open either pair of valves, in order to (tart or atop the engine. The rod 
10 coonect* the end of the lever ao for the lower exhaiuting- valve with the 
lever 19, of the upper steam-valve, and when the handle is depressed it 
open* both these valve* in older to prodoce the de*cending stroke of the 
piBton. The rod 13 nnites the lever 31 of the lower steam valve, with the 
lever IS of the npper exhanzting-valve ; and when the handle, i, is de- 
pressed, it opens bMh these valves, to make the deacending stroke of the 
piston. The valve* tend to shot hy their own weight, but that would not 
be quite nUBdenti therefore two rods 11, II anjomted to the ends of th* 
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levers 20, 21, to connect them with the upper ends t, ti, of two inclined 
levers tl6, and u 17, which are poised apon a cylindrical part of a hori- 
sontal axis 3, 3, and can turn freely round upon that axis, as a centre of 
motion ; these levers are inclined in opposite directions, and cross each 
other like the two blades of a pair of scissors. The opposite or lower ends 
of the inclined levers are connected by links 16, 17, with balance treadles 
15, 4, which are levers loaded with weights, tending to draw -down the 
lower ends of the inclined levers so as to cause their upper ends ^ v, to 
bear upwards; this action is transmitted by the rods 11, 12, and 10, 13, to 
the outer ends of the several levers of the valves, in order to press down 
the opposite ends of these levers, which act upon the valves and thus 
cause the valves to shut down close into their seats, whenever they are 
allowed to descend. In opening either pair of the valves, whether it is done 
by a man with the handles r or «, or by the working>gear of the engine 
itself, the weight 4 or 15 belonging to that pair of valves must be over- 
come and raised ; and the effort made by the weight to return, tends to 
close that pair of valves. The working-gear is moved by an excentric 
circle, which is fixed upon the main axis of the crank ; it is a circular 
ring, with a groove formed round the ed^ like a pulley ; and it has a 
round hole through it, the centre of which is about six inches out of the 
centre of the circle. This excentric is fixed &st upon the square axis by 
four wedge pieces, which are applied upon the four flat sides of the square 
axis, and the outsides of the pieces are formed convex, so as to fill up the 
round hole through the excentric ; these pieces are driven tight into the ex- 
centric, so as to jamb it fast upon the axis, that it cannot slip round upon 
it A circular brass ring is applied in the groove round the edge of the ex- 
centric ; it is made in two semicircles put together, and firmly united by 
nuts screwed upon bolts, which pass through ears projecting out from 
each semicircle ; these bolts are the extreme ends of the two branches of 
the compound-rod 2, 2, which conveys the motion of the excentric ring to 
the working-gear ; the two branches are joined together into one rod at 
the end nearest to the cylinder, but they £verge from each other, so as to 
include the eccentric ring between the screws which are formed upon the 
other ends of them ; one of those screws being over the top of the ring, 
and the other beneath the bottom of it When the axis and the excentric 
turns round, it will move the rod 2, 2 backwards and forwards through 
a space of about 12 inches at each revolution. The excentric projects 
but from the axis on the same side as the crank projects out therefrom ; 
consequently when the crank pin, in moving round in its circle, arrives 
nearly on a level with the axis, and the piston is near the middle of its 
stroke, the rod 2 will have been moved by the excentric, to the AiU limit 
of its course, and wUl be setting out on its return. When the crank is 
nearly in a line with the connecting-rod, and the piston is near the top or 
bottom of its course, the rod 2 will have arrived at the middle of its course. 
The end of the compound-rod 2, 2, where the two branches are joined 
into one rod, rests upon a small roller which is mounted in a box fixed near 
the edge of tiie condensing cistern ; this roller bears the weight of that end 
of the rod, and allows it to move backwards and forwards ; the end of the 
rod is prolonged beyond the bearing on the roller, by another short rod 
which is jointed to it, and which acts on a pin at the lower end of a lever 
8, fixed upon the horizontal axis 3, 3, near to one end of it By this means, 
at every complete stroke of the piston, the axis 3, 3, is turned backwards and 
forwards about its own centre line ; it is supported in two bearings, one at the 
extreme end fixed to the side wall, and the other is supported by a bracket, 
which projects ontfrom beneath the lower box, t, of the nossels, and is fiwtened 
by three bolts, to ears which project out fh)m the lower part of that box to 
receive the screws. The inclined levers f 16 and m 17 are fitted freely 
upon a cylindrical part of the axis 3, close to each side of the latter bearing. 
To open the valves, two short levers 22, 23 are fixed &st upon the axis 
3, close at the sides of the loose inclined levers f 16 and « 17 ; the ends of 
the short levers are like hooks or daws, which turn sideways over the 
upper ends, t and u, of the loose levers, in such manner that when, by the 
reciprocating motion of the axis 3, either of the claws 22 or 23 is depressed 
below a certain position, the hooked part of that claw will press upon that 
lever f or u which belongs to it, and will force that lever down, so as to 
lift up and open one pair of valves by the connexion of the rods and 
levers 11, 20, and 10, 19, or 12, 21, and 13, 18. That pair of valves which 
is thus opened will be kept open, until the claw 22 or 23 returns, and lets 
them down again by their own weight, aided by that of the loaded lever 4 
or 15 ; but when the valves are shut, the hook at the end of the claw 22 or 
23 rises up, and quits the lever t or v, which then remains stationary 
without following the claw. The working gear is so a4justed, that the 
instant after one of the claws 22 or 23 has allowed one pair of valves to 
close themselves, and is beginning to quit its inclined lever < or tc, the 
opposite claw 22 or 23 will come in contact with the other inclined 
lever, and will begin to open the other pair of valves ; for the two levers 
t and M being inclined in opposite directions, they are acted upon alter- 
nately by the two claws 22 and 23 ; one pair of valves being opened 
when they move backwards, and the other pair when they move for- 
wards ; but one pair of valves is always closed before the other is opened. 
When the engine is properly at work the axis 3, 3 is moved continually 
backwards and forwards by the connexion of its lever 8 with the rod 2 
of the excentric ; but by lifting up the end piece of that rod, it can be 
disengaged from the joint pin at the end of the lever 8, because the con- 
nection ii only made by a notch in the under side of the rod which fits 



over ^he joint pin of the lever 8, so as to cause the lever to partake of the 
motion which is given to the rod, by the ring of the excentric, so long aa 
the end rod rests by its weight upon that joint pin, but if the end rod is 
raised up, its notch will quit the joint pin of the lever 8, and leave that 
lever at liberty ; in which case the weights 4 or 15 will instantly close that 
pair of valves, which may be open, unless they are held open by pressing 
down the handles r and s by the hand. The end piece of the rod 2 can he 
lifted up by a lever 23, and screw 24; this lever moves about a fixed 
centre at the upper end of an iron standard, which rises up from the top 
of the condenser ; one end of the lever 23 extends beneath the extremity 
of the end piece of the rod 2, and the other end is jointed to a vertical rod 
24, the upper end of which is a screw, and is received in a nut fitted into 
a small bracket, which projects out from the side-pipe g. The nut has a 
handle by which it can be turned round, in order to depress the screw, 
and raise the other end of the lever, so as to lift up the extremity of the 
rod which is jointed to the end of the rod 2, and ihva disengage that rod 
from the joint pin of the lever 8. The lever 8 is made double, to receive 
the rod in the interval between its two sides, and when the extremity ia 
borne up by the lever 23, the rod can move freely backwards and for- 
wards within the double lever 6, without communicating any motion to 
it The cylinder, with its piston, cover, and bottom, and its steam case 
are the same as in Mr. Watt*s former engines. The steam case is put 
together round the cylinder in six pieces, joined together by small screw- 
bolts ; there are three segments to form the circle, and two sets of such 
segments in height ; one set is fastened by a flange at top, to the underside 
of the flange round the top of the cylinder, and the other set is fastened in 
a similar manner to the lower flange of the cylinder. The flange of the 
bottom of the cylinder, and that of the base or false bottom beneath it, 
which is to contain steam to keep up the heat, are all united by the same 
bolts which fiisten the steam-case by passing through all the four flanges. 
The large bolts which fasten the cylinder cover, pass through the upper 
flange of the steam-case, and as many smaller bolts are inserted in the 
spaces between the other large bolts, they pass through the flanges of the 
steam-case and of the cylinder, their heads being countersunk into the 
upper surface of the flange of the cylinder, and Sie nuts beneath. The 
lower set of segments of the steam-case are enlarged at their upper edges, 
to form a circular socket for the reception of the lower edges of the upper 
set of segments, and the joint is made tight by ramming in hemp with 
tallow ; this joint allows the steam-case to accommodate itself to the effect 
of the expansion or contraction of the cylinder by the heat The cover 
of the cylinder is hollow within, to prevent the transmission of heat 
In larger engines the hollow space is filled with steam by a small pipe 
of communication ftt>m the steam-case. The fklse bottom beneath the 
cylinder is supplied fh)m the steam-case in the same manner. The steam- 
case is supplied with steam by a small branch fh>m the steam-pipe with a 
regulating cock; and there is also a syphon pipe, proceeding from the 
lowest part of the steam-case, to drain away the water which condenses 
therein. The condensing apparatus within the cistern G is the same as in all 
Mr. Watt's engines. The lower end of the eduction pipe g is joined by a 
socket joint to the top of the condenser. The foot valve is in the passage 
between the bottom of the condenser and the bottom of the air-pump ; and 
the discharge valve, from the top of the air-pump, is within the hot weU. 
The blow-valve to discharge the air from the condenser is fitted at the end 
of a small pipe, which passes through the side of the condensing cistern G, 
and the blow-valve is covered with water contained in a small cistern, fixed 
on the outside of the large cistern G. The condensing cistern is made of 
wood ; but, in most of these engines, when the cistern hu become decayed, 
it has been renewed by a cast iron cistern. The injection is admitted 
into the condenser through a small sluice-valve, the openingof which is 
regulated by turning the nut of a screw formed on the upper end of 
an upright rod 7, which rises up from that valve. The nut has a handle 
to turn it round, and is supported in the same bracket as the nut of 
the screw 24 for disengaging the workmg gear. The sluice-valve is 
a square brass plate, the flat surface of which is fitted against a cor- 
responding plate fastened to the outside of the condenser, and having an 
oblong aperture through it, to admit the water whenever the sluice- valve 
is drawn up so high by its screwy, as to uncover a part of the hole ; if the 
sluice is screwed quite down, it covers and stops the hole entirely. The 
sluice-valve is retained in its place agamst the fixed perforated plate by 
ledges, which are fastened to the latter at each side, so as to form a groove 
which includes the edges of the valve. The aperture is 1} inches wide, by 
3 inches high ; and when the engine is working properly, the sluice is 
commonly drawn up, so as to open 1) inches high, making an aperture of 
l{ square inches for 36 horse power, for an engine of 31 inch cylinder, and 
6 feet stroke. The foundations upon which the engine is fixed are built ot 
solid masonry ; a thick wall, X, extends across the house, to form the pier 
for the cylinder ; another wall extends nearly across the house, beneath the 
centre of the great lever; and from this a wall proceeds to the end of the 
house, to sustain the bearing for the neck of the main axis of the crank. 
A horizontal passage, called the tunnel, is left beneath these foundations to 
give access to the lower ends of the foundation bolts, by which the differ- 
ent parts are held down. The tunnel extends beneath all the length of the 
building, and it has cross branches to pass beneath the bearings for the 
main axes. The passage is large enough for a man to pass conveniently 
through it" This mgenious kind of valve apparatus has since been nearly sn- 
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pereeded by the slide valve, an invention that also emanated fVoni Soho, and 
vhich is now the almost universal expedient for governing the flow of steam 
to and from the cylinder. Of the slide valve there are several varieties, 
but the most common kind, is that which assumes the form of a half 
cylinder ; and which is called the D valve, from the shape of its cross 
section. The eccentric is now adopted almost universally for moving the 
valves of rotative engines : Mr. Murdoch was the author of this elegant 
expedient. 

** In summing up Mr. Watt's character as a mechanical inventor/* says 
Mr. Farey, '^hc will be found to occupy the same supereminent station 
among that class as the illustrious Newton held among philosophers of a 
higher order." The comparison is, we think, a just one, but scarcely suf- 
ficiently illustrative, as it only repeats to the imagination an almost identical 
image, and we prefer, therefore, to represent Watt as the Shakspeare of 
mechanical science, for he owes his greatness to the same high gifts which 
distinguished the prince of poetry. There is no power for which Watt 
was more remarkable than an inexhaustible fertility of invention, and in- 
vention is the poetry of science, for it springs out of an action of mind 
more nearly akin to poetic ideality than logical demonstration. Like his 
great poetical progenitor the untaught mechanist could soar without effort 
to the giddiest heights of fancy and conjure up wilder visions and more 
fantastic combinations than those even who seek to catch the popular wonder 
by the eccentricity of their speculations, and, like him too, he could, without 
pausing in his course, come down from these airy summits to the most 
vulgar details of ordinary life, and become as practical and worldly as the 
soberest of those who never knew a throb of enthusiasm, and whom nothing 
could seduce out of the beaten track of a passionless experience : but the 
opposite elements were so happily blended in his composition, and his high 
qualities sat upon him so gracefully, that the most speculative could find 
no objection against him for want of boldness or ingenuity, nor the most 
timorous for want of steadiness or circumspection : and he walked abroad 
in the world of mechanical creation, and selected from its stores the ma- 
terials best adapted to his combinations — ever able to produce new where 
none suitable already existed, but with a thrift like that of nature declining 
to exercise any greater power than was demanded by the exigencies of the 
occasion. There was no vain passion for novelty, and no design upon the 
popular admiration in any one of Watt*s innovations : he adhered to the 
existing forms of mechanism so long as it was possible* to retain them con- 
sistently with the due developement of the great principles of improvement 
he had marked out, and there are no traces to be found throughout his 
selection of new devices, of that obliquity of judgment which arises in 
weaker minds from a partiality for their own creations. Men of genius, 
Mr. Farey says, have usuallv an undue partiality for their own ideas — a 
sort of parental affection which does not allow them to make (lir selection 
from their joint stock of acquired and created ideas. We suspect, however, 
that this partiality arises from too little genius rather than too much, for 
there cannot be mach partiality felt for ideas which spring up spontaneously 
in the mind in a rapid and rich luxuriance, and it is only in sterile ima- 
ginations that every straggling conception can be thought precious. It 
is not the fact, therefore, that judgment and invention are antagonistic 
faculties ; but when the imagination is active, and new combinations can 
be formed with ease, the judgment is left unimpeded by the fondness 
men acquire for their own devices when they are the produce of many a 
throe. 

But whatever theory may be formed on this subject it is at least certain 
that the greatest masters of invention have been the least transported with 
the splendour of their own genius, and have been but little disposed to 
exaggerate the imi>ortance of their creations. Shakspeare, after having 
written his immortal dramas in the brief space of his early manhood, 
retired into the obscurity of a provincial town, apparently without the 
consciousness of having done any thing uncommon ; and so easy did all his 
tasks appear to Watt, and so readily did his imagination suggest to him the 
most ingenious and profound explanations, that it is hard to reconcile the 
notion of difficulty with the spectacle of so much facility, and it becomes 
necessary to compare him with others before we can form a true conception 
of his merits. To what an exaltation, for example, does he not rise by a 
comparison with Smeaton ! — certainly, next to Watt, the greatest mecha- 
nical genius of his time, and one that has not been excelled by any which 
has appeared since that epoch. He began his improvements upon the 
steam engine about the same time as Watt, and he accomplished all, per- 
h.tps. that could be expected of a patient and technical mind ; but the genius 
of Watt ascended from the narrow circuit of actual experience into the 
bright fields of imagination, and drew from thence the inspiration that 
directed its subsequent achievements. Smeaton was able to improve, but 
Watt was able also to create ; and as he had never received any practical 
training, his mind was free from the fetters of authority, and the fire of his 
imagination, unquenched by the chilling dogmas of a sect Much of his 
SQccess is, we think, due to the unsettled condition of his early life, which 
permitted and demanded a wider range of thought than if its exercise 
bad been restricted to a single occupation ; and the condition of an humble 
artizan was much better adapted for the developement of his genius than 
the ease of academic shades, or the vanities of scholastic discipline. Had Watt 
been bom in the atmosphere of Oxford, he would have subsided, in all pro- 
bability, into an expounder of the metres of Pindar ; or had his imagination 
been broken in the schools, he would have sunk, in all likelib<>od, into a 



mere professor of engineering. It is from the race of artizans that genius 
is chiefly recruited, fbr the imaginations of the illiterate can at least have 
fair play, and their spirits are not quelled by the ])resence of those idols of 
perfection, before which the learned bow down fin adoration. Homer, So- 
crates, Shakspeare, Bums, Watt, and almost all great original spirits, have 
sprung from the condition of humble life, and the splendour of their genius 
is due in a great measure to that happy accident, for they had thus no prece- 
dent constantly before their eyes, within the boundary of which they had to 
restrain their inspirations, but followed nature without wavering through all 
her varied aspects, and without suffering any idol to interpose between them 
and that great light, of which their own glory is the reflection. 

It ought to be needless to guard this language against the supposition 
that we hold all learning to be useless, or that science can be of no value 
to the operative engineer ; but it is the tendency of such an attainment, we 
fear, to lead to a neglect of more serious qualifications, and to quench that 
fire of the imagination in which all invention has its origin. There will 
be fewer errors committed, no doubt, as mankind become more learned ; but 
there will also be less originality and adventure ; and although dulness may 
be raised to a higher proficiency, we fear that genius will fail to achieve 
such mighty advances, and will experience greater difficulty in reaching 
its natunil oxi^ltation. It is the tendency, indeed, of all education to redress 
the unequal dispensations of nature, and while raising up the feeble to cast 
down the strong and the aspiring. The hot-beds of a college may produce 
abundant crops of mediocre engineers ; but such men as Brindley, Rennie, 
Telford, and Watt, are not forced into greatness by fictitious heats, but 
gather strength from the vicissitudes of that rugged region where genius 
spontaneously unfolds its robust glories, and the practical capacity indi- 
genous to the soil, while cherished by the sunshine, is invigorated by the 
storm. One cause of Watt*s greatness as an engineer is traceable to the 
fact, that he was not an engineer merely ; and this is made so clear by Lord 
Jeffrey's sketch of the character of Watt, that we shall here introduce his 
exquisite delineation: — 

^ Independently of his great attainments in mechanics, Mr. Watt was an 
extraordinary, and in some respects a wonderful man. Perhaps no indi- 
vidual in his age possessed so much and such varied information, had read 
so much, or remembered what he read so accurately and well. He had 
infinite quickness of apprehension, a prodigious memory, and a certain 
rectifying and methodising power of understanding, which extracted some- 
thing precious out of all that was presented to it His stores of miscel- 
laneous knowledge were immense; and yet less astonishing than the 
command he had at all times over them. It seemed as if every subject that 
was casually started in conversation with him had been that which he had 
been last occupied in studjHmg and exhausting : such was the copiousness, 
the precision, and the admirable clearness of the information which he 
poured out upon it without effort or hesitation. Nor was this promptitude 
and compass of knowledge confined in any degree to the studies connected 
with his ordinary pursuits. That he should have been minutely and ex- 
tensively skilled m chemistry and the arts, and in most of the branches of 
physical science, might perhaps have been coigectured ; but it could not 
have been inferred from his usual occupations, and probably is not gene- 
rally known, that he was curiously learned in many branches of antiquity 
metaphysics, medicine, and etymology, and perfectly at home in all the 
details of architecture, music, and law. He was well acquainted, too, with 
most of the modem languages, and familiar with their most recent literature. 
Nor was it at all extraordinary to hear the great mechanician and engineer 
detailing and expounding for hours together the metaphysical theories of the 
German logicians, or criticising the measures or the matter of German poetry. ** 
It was this promiscuous occupation of the mind, and the energy of imagination 
which fiows firom such an exercise, which raised Watt so high above all com- 
petitors in the career of mechanical improvement; so that during the interval 
employed by Smeaton in working out a few insignificant improvements, he 
brought to maturity those miracles of inventive power, which have earned the 
world*s admiration, and which the experience and ingenuity of mankind, for 
the best part of a century, have vainly endeavoured to transcend. In some of 
the engines indeed, latterly constmcted in Cornwall and other places, which 
work with high-pressure steam expansively, a greater measure of economy 
in fuel has been attained than Watt ever realized ; but that result is not due 
to the discovery of any new method of operation, but arises merely from 
the larger application of the great principles Watt marked out than in his 
time would have consorted with the prejudices of the public. No one 
knew better than Watt did, that a most important economy was to be gained 
by carrying the principle of expansion to a higher pitch, and using steam 
of a higher elasticity than he had yet dared to employ ; but he knew as 
well that the use of steam of a high pressure was not unattended with danger 
in those days of mechanical inexperience, and he would not risk an accident 
for the sake of adding to his gains, or heightening the popular astonishment 
However far we may proceed in the path of steam improvement, we shall find 
unequivocal traces of \V att having been there before ; and the conceptions 
which start up in our minds, and which at first sicht we believe to be ori- 
ginal and important we shall find on inquiry to have previously suggested 
themselves to his imagination. The fact appears to be that the track of 
knowledge chosen by him has been so thoroughly explored, that he has left 
nothing for his successors to discover ; and we do not at present see how 
any material improvement can now take place in steam -engines except by the 
introduction of new powers of nature, which the progress of discovery may 
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reveal. The machine may, perhaps, be thrown into still more commodious 
forms, and greater niceties of workmanship may be lavished upon its con- 
struction ; but every thin^ is to be got by Watt's principle of action, that 
mere fire and water can give, and the next step of improvement must be 
the employment of cheaper agencies. And though the present steam-engine 
may puss away as it no doubt will, and cease to have any existence, ex- 
cept in the page of history. Watt's glory will suffer no obscuration, but 
in the lapse of years must rise to a wider and brighter effulgence. 
However excellent or extraordinary the new mechanism may be, it will, we 
believe we may predict, rather be compounded of the ideas of a multitude 
of minds, than be the product of a single master spirit ; and ages must 
elapse before another such example of intellectual strength as Watt pre- 
sented can be given to the world, or before nature can be expected to 
recruit the power necessary to so marvellous a creation. 

But it is not merely the invention of all that is admirable in the structure 
of the modem steam-engine that gives Watt a claim upon the world's admi- 
ration. Nearly all the great inventions of the age have had their origin or 
practical developement at Soho, among which we may enumerate gas light- 
ing, bleaching by chlorine, warming apartments by steam, coining money 
so as to obviate forgery, the copying press, and many other devices. Lord 
Stanhope's printing press, again, is a manifest copy of the system of com- 
pound levers, contrived by Sir. Watt, for opening the valves of his engines 
with a small exertion of force, and the machinery with which Fulton ac- 
complished navigation by steam was constructed at Soho, and realised the 
desired result by the excellence of its performance. In some of these 
developemeuts, it is true. Watt was not the only person concerned, and 
Mr. Boulton and Mr. Murdoch must be mentioned with great honour, as 
much was due to their ingenuity ; yet these lesser lights were but the satel- 
lites of a system of which fie was the central sun, and gave out merely the 
lustre they had derived from the effulgence of hut genius. It cannot now 
be ascertained with any precision how far the various admirable contrivances 
of Murdoch are due to specific communications with Mr. Watt, or what pro- 
portion of their excellence they owe to his supervision or suggestion, but it 
was the light and heat of the master-mind that gave fertility to the disciple's 
imagination, and that fell, upon his spirit like fire from heaven. In the 
domain of unapplied science. Watt is known for his discovery of the com- 
position of water, — in which he was independent of Cavendish, — for the de- 
termination of the bulk of a given weight of steam at different temperatures, 
and for numerous aids that he lent to pneumatical inquiry ; while his direct 
achievements in the various departments of the arts, stupendous as they are, 
are less in amount than those which he has indirectly accomplished. The new 
methods of construction he introduced, and the new resources of art he 
opened up. have extended, from the manufacture of steam-engines, over 
the whole face of mechanical industry, and in an inconceivably short time 
have regenerated arts that had been stationary for ages. The improved 
mill-gearing, for example, of modern times, the superior cranes, fire-engines, 
and other mechanisms, the construction of iron ships, and the application of 
iron to a thousand purposes for which it was before unthought of, from 
having cheapened the production of the material and facilitated the resources 
of its workmanship, — these, and a thousand other mighty changes, have 
fiowed from Watt's innovations, for they first reconciled great strength with 
great accuracy of workmanship, and set in striking opposition the barbarous 
expedients of most of the other arts with the refinements he had invented. 

Of Watt's personal character we are unable, firom our own knowledge, to 
say anything, as he had passed fh)m this sublunary scene before our day ; 
but he appears to have won the reverential affection of every one who 
approached him, and every engineer even now looks upon him as a father, 
A more remarkable proof, however, of his goodness, is to be found in the 
undying affection of his son, to whom, throughout a long life, he was the 
object of fervent adoration. Never before was there such an example of 
filial love. The worship of his father's memory, and the vindication of his 
father's fame, has been the sole aim and purpose of the son*s being — an ab- 
sorbin<^ passion, which none but a generous nature could feel, and nothing but 
perfection inspire. — Upon this subject, however, we happen also to have the 
testimony of Lord Jeffrey, which we cannot do better than here transcribe : — 

** It is needless to say, that, with those vast resources, his conversation 
was at all times rich and instructive in no ordinary degree : but it was, if 
possible, still more pleasing than wise, and bad all the charms of familiarity, 
with all the substantial treasures of knowledge. No man could be more 
social in his spirit, less assuming or fastidious in his manners, or more kind 
and indulgent towards all who approached him. He rather liked to talk — 
at least in his latter years : but though he took a considerable share of the 
conversation, he rarely suggested the topics on which it was to turn, but 
readily and quietly took up whatever was presented by those around him ; 
and astonished the idle and barren propounders of an ordinary theme, by 
the treasures which he drew from the mine they hud unconsciously opened. 
He generally seemed, indeed, to have no choice or predilection for one 
subject of discourse rather than another; but allowed his mind like a great 
cyclopsdia to be opened at any letter his associates might chose to turn 
up, and only endeavoured to select, from his inexhaustible stores, what 
might be best adapted to the taste of his present hearers. As to their 
capacity he gave himself no trouble ; and, indeed, such was his singular 
talent for making all things plain, clear, and intelligible, that scarcely any 
one could be aware of such a deficiency in his presence. His talk, too, 
Ihuogh overflowing with informatiou, had no resemblance to lecturing or 



solemn discoursing, but on the contrary, was full of colloquial spirit and 
pleasantry. He had a certain quiet and grave humour, which ran through 
most of his conversation, and a vein of temperate jocularity, which gave 
infinite zest and effect to the condensed and inexhaustible information 
which formed its main staple and characteristic There was a little air of 
affected testiness, too, and a tone of pretended rebuke and centradiction, 
with which he used to address his younger friends, that was always felt by 
them as an endearing mark of his kindness and familiarity, — and prized 
accordingly, far beyond all the solemn compliments that ever proceeded 
from the lips of authority. His voice was deep and powerful, — though he 
commonly spoke in a low and somewhat monotonous tone, which harmonised 
admirably with the weight and brevity of his observations ; and set off to 
the greatest advantage the pleasant anecdotes, which he delivered with the 
same grave brow, and the same calm smile playing soberly on his lips. 
There was nothing of effort indeed, or impatience, any more than of pride 
or levity, in his demeanour ; and there was a finer expression of reposing 
strength and mild self-possession in his manner, than we ever recollect tu 
have met with in any other person. He had in his character the utmost 
abhorrence for all sorts of forwardness, parade, and pretension ; and, indeed, 
never failed to put all such impostures out of countenance, by the manly 
plainness and honest intrepidity of his language and deportment 

*' In his temper and dispositions he was not only kind and affectionate, but 
generous and considerate of the feelings of all around him ; and gave the 
most liberal assistance and encouragement to all young persons who showed 
any indications of talent, or applied to him for patronage or advice. His 
health, which was delicate from his youth upwards, seemed to become 
firmer as he advanced in years, and he preserved up almost to the last 
moment of his existence, not only the full command of his extraordinary 
intellect, but all the alacrity of spirit, and the social gaiety which had 
illumined his happiest days. His friends in this part of the country never 
saw him more full of intellectual vigour and colloquial animation, — never 
more delightful or more instructive, —than in his last visit to Scotland in 
autumn 1817. Indeed, it was after that time that he applied himself, with 
all the ardour of early life, to the invention of a machine for mechanically 
copying all sorts of sculpture and statuary; — and distributed among his 
friends some of his earliest performances, as the productions of * a yotmg 
artist, just entering on his eighty-third year ! ' " 

But we must here close these preliminary remarks, which have drawn 
out to a greater length than we expected, and which, we fear, have provoked 
the impatience of the more empirical portion of our readers. We shall 
have little occasion, however, to repent of our discursiveness, if we succeed 
in any degree in animating the artizans of this great empire to a course of 
useful acquisition by the influence of Watt's example, or in touching their 
spirits with a ray from the urn of his genius. The same path by which he 
won immortality is open also to them, and although few may be endowed 
with the high gifts by which he was distinguished, yet there is no one who, 
by energy and perseverance, and by only giving nature fair play, may not rise 
to a higher eminence than he had dared to hope for even m his own secret 
contemplations. One condition, however, of his success is, that he must not 
suffer his mind to become technical, and if an engineer, he must be content to 
believe that there are other things in the world worthy of his attention besides 
cast-iron and steam pressure. He must not coop up his imagination within 
the narrow limits of a craft, but suffer it to roam over creation in its endless 
fields of beauty ; and must cherish a love for nature and for human nature — 
and hold communi<m with the spirits of glorious aspect and attractive grace 
that people the world of fancy, and survey the enchantments wrought by ge- 
nius in every field of enterprise — yielding his affection not only to those high 
virtues which dignify humanity, but to those ** humbler charities thnt soothe 
and bless" like flowers scattered upon the desert It is only by thus givmg 
full scope to his imagination, and cultivating aU his capacities, that his mind 
can preserve its just proportions, or grow to any loftiness of stature. And 
without imagination there can be no invention, for the imagination is the 
great discovering power, and can only flourish where there is abundant room 
given for its exercise. To some of our readers we believe it will appear 
that' all excursions of the fancy must be unavailing, and that science or 
experience should be their guiding star ; but we would warn them against 
this error, and would give them the example of Watt in confirmation of 
our hypothesis, who certainly owed his superiority to something nearly akiu 
to poetic inspiration. Facts, of course, there must be derived both from 
science and from experience, for these are the materials with which the 
imagination works ; but facts of themselves are a mere caput mortuuw, that 
encumber as much as they enrich their possessor, and it is only when touched 
by the fire of the imagination, that they spring into life and fruitfulness. 
Upon some minds, however, that have not read their lesson aright the ex- 
ample of Watt's greatness has operated rather as a discouragement than a 
provocative to exertion, for they have been smitten with awe by the majesty 
of his genius; and their enterprize has been repressed by the contemplation 
of such hopeless perfection. Their spirits have been overshadowed by his 
greatness, like the puny saplings that pine beneath the shade of some ma- 
jestic tree ; and their energies have never been invigorated by difficulty, nor 
by the storms and sunshine of the intellectual world. We therefore find very 
little of novelty to have originated among well-educated engineers, but 
almost all great innovations have been the work of some less reverential 
spirit ; and whoever aspires to the work of invention must go himself to the 
fountain of huuian thought and feeling, and suffer the shadow of no mind 



Mechanical Definitions : — Usejvl Tables. 



23 



to come between him and nature. And if the field in which Watt la- 
boured be exhausted, if his ingenoit j has made farther improvement upon 
the present steam-engine in an j material point hopeless so long as fire re- 
mains the impelling power, there are innumerable other fields of enter- 
prise, jet untrodden to reward the industry of fixture generations. The 
retoorces of electricity and magnetism, of thermo-electricity and of hidden 
powers of nature perhaps, yet to be revealed, present a boundless pros- 
pect for the exercise of human ingenuity. These we commend to the 
attention of our readers and more particularly to the order of working 
men ; for as it is by the ingenuity of the artixan class that the steam-engine 
has been brought to its present maturity it is to that class the public looks 
with expectation for its superoession by something better. 



MECHANICAL DEFINITIOMS. 



Before entering upon the explanation of those elementary principles of 
mechanics and chemistry, which it is necessary to comprehend before 
much progress can be made in the study of the steam-engine, we shall set dow n 
a few useful tables which we should require to give somewhere, and which 
will be more convenient for reference if collected here, than if scattered 
throughout the volume. The first that we give relates to the elasticity 
of steam at di£ferent temperatures — a compilation for which we are in- 
debted to the interesting work by Mr. J. Scott Russell, on steam and steam 
navigation. 



Table of the Pbessure of Steak, in Inches of Mebcubt, at different Temperatures. 



I. 

Tempen- 

tore,Fah- 

reohelti 



10 

20 

32 

40 

60 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

260 

170 

180 

190 

200 

210 

212 

220 

230 

240 



II. 
Dalton. 



0.08 

0.12 

0.17 

0.26 

0.34 

0.49 

0.65 

0.87 

1.16 

1.59 

2.12 

2.79 

3.63 

4.71 

6.05 

7.73 

9.79 

12.31 

15.38 

18.98 

23.51 

28.82 

30.00 

35.18 

44.60 

53.45 



IIL 
Ure. 



0.20 

0.25 

0.36 

0.52 

0.73 

l.Ol 

1.36 

1.86 

2.45 

3.30 

4.37 

5.78 

7.53 

9.60 

12.05 

15.16 

19.00 

23.60 

28.88 

30.00 

35.54 

43.10 

51.70 



IV. 
Young. 



0.11 
0.18 
0.20 
0.36 
0.53 
0.75 
1.05 
1.44 
1.95 
2.62 
3.46 
4.54 
5.88 
7.55 
9.62 
12.14 
15.23 
18.96 
23.44 
28.81 
30.00 
35.19 
42.47 
51.66 



V. 
iTory. 



... 
••• 
••• 



0.36 

... 
0.73 

1.36 

• • • 

2.46 

• •• 

4.41 

■ • « 

7.42 
12.05 

« • • 

18.93 

28.81 
30.00 

... 
42.63 



VI. 
Tredgold. 



... 



0.17 

0.24 

0.37 

0.55 

0.78 

l.ll 

1.53 

2.08 

2.79 

3.68 

4.81 

6.21 

7.94 

10.05 

12.60 

15.67 

19.00 

23.71 

28.86 

30.00 

34.92 

42.00 

50.24 



VII. 
Southern. 



0.16 
0.22 
0.33 
0.48 
0.68 
0.95 
1.34 
1.84 
2.56 
3.46 
4.43 
5.75 
7.46 
9.52 
12.14 
15.20 



30.00 



... 

... 



VIII. 
Robison. 



0.00 

0.10 

0.20 

0.35 

0.55 

0.82 

1.18 

1.60 

2.25 

3.00 

3.95 

5.15 

6.72 

8.65 

11.05 

14.05 

17.85 

22.62 

28.65 

30.00 

35.8 

44.5 

54.9 



IX. 
Watt. 



... 

*.. 
... 
... 
•.• 



0.77 



1.55 

... 
•.• 
.*• 
5.14 



8.92 
11.37 
12.73 
19.00 



29.40 
33.65 
40.+ 
49.0 



X. 

Frank. 
Inst. 



... 
••• 
••* 
•*. 
... 
... 
... 
... 
... 
... 
*•• 
.•• 
... 
... 
... 
... 
... 
••• 



XI. 

Diff. Dalt 

and Ure*i 

Expti. 



... 
•*• 
... 



-.06 
-.09 
-.13 
-.13 
-.14 
-.16 
-.23 
-.24 
-.34 
-.38 
-.34 
-.27 
-.20 
-.19 
-.26 
-.28 
+ .12 
+ .09 
+ .07 
0.00 
-0.36 
-1.50 
-1.75 



XII. 
Diff. 
Acad. 
Intt. 



... 

... 

... 

... 

... 

... 

* •• 

... 

... 

*.• 

... 

... 

... 

... 

... 

••• 

... 

... 

... 

**• 

... 

... 

... 

... 

... 

... 



XIII. 

Diff. 

Tred. and 

Dalton. 



«•• 



-.09 
-.10 
-.11 
-.10 
-.09 
-.05 
-.06 
-.04 
-.00 
+ .05 
+ .10 
+ .16 
... 

+ .21 
+ .26 
+ .29 
+ .29 
+ .02 
+ .20 
+ .04 
+ .00 
-.26 
-2.13 
-3.21 



XIV. 
Tempera* 
ture, Fah- 
renheit. 



oo 

10 
20 
32 
40 
50 
60 
70 
80 
90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

212 

220 

230 

240 



Table of the Temperature of Steam at different Pressures in Atmospheres. 



I. 

Preuuretn 

Atnio- 

ipherea. 


II. 

French 
Acad. 


III. 
Dr. Ure. 


IV. 
Young. 


V. 
iTory. 


VI. 

Tredgold. 


VII. 
Southern. 


VIII. 
Robiaon. 


IX. 
Watt 


X. 

Franklin 
Institute. 


XI. 

Diff Dr. 

Ure*t Ex. 

perimeDts. 


XII. 
Diff. 
Acad. 
Inst. 


1 

XIII. 

Diff 

Tred. and 

Dalton. 


XIV. 

Pressure in 
Atmo- 
spheres. 


1st At 


212.00 


212® 


212° 


212« 


212® 


... 


212® 


212® 


212® 


0.00 


000.2 


0.00® 


1st At 


2d At 


250.5 


250.0 


240.3 


249 


250. + 


250.3 + 


... 


252.5 


250.0 


.. . 


-0.5 


0.+ 


2d At 


Sd At 


275.2 


275.0 


271 


... 


274.+ 


••. 


267 




275.2 


... 


-0.2 


-1.+ 


3d At 


4th At 


293.7 


291.5 


288 


290 


294.+ 


293.4 + 


... 




291.5 


••• 


-2.2 


+ 1.4 


4th At 


5th At 


308.8 


304.5 


302 


• • • 


309. + 


... 


«•• 




304.5 


... 


-4.3 


+ 3.7 


5th At 


6th At 


320.4 


31.5.5 


... 


• • • 


322.- 


... 


... 




315.5 


... 


-4.9 


+ 4.0 


6th At 


7th At 


331.7 


325.5 


... 


• ■ • 


..• 


... 


... 




326.5 


... 


-5.7 


••• 


7th At 


8th At 


342.0 


336.0 


•.. 


337 


342.+ 


343.6 + 


... 




336.0 


••• 


-6.0 


+ 3.3 


8th At 


9th At 


350.0 


345 


... 


... 


..• 


... 


... 




345.0 


... 


-5.0 


... 


9th At 


10th At 


358.9 


... 


••• 


... 


.•• 


••• 


•*• 




352.5 


... 


-6.4 


.*• 


10th At 


nth At 


366.8 


..« 


••• 


... 


... 


... 


.*• 




• • • 


... 


... 


... 


1 1th At 


12th At 


374.0 


... 


••• 


... 


372.- 


... 


.*• 




• • • 


... 


... 


+ 3.0 


12th At 


13th At 


380.6 


... 


..• 


... 


••• 


... 


... 




• •• 


... 


*•• 


... 


13th At 


14th At 


386.9 


... 


... 


... 


... 


... 


... 




• •• 


... 


... 


••• 


14th At 


15th At 


392.8 


... 


••• 


... 


... 


... 


... 




383.8 


••• 


-9.0 


•*• 


15th At 


16th At 


398.5 


... 


... 


••• 


... 


... 


... 




• • • 


... 


... 


•*• 


16th At 


17th At 


403.8 


... 


• a. 


... 


••• 


... 


.»• 




• • • 


... 


... 


... 


17th At 


18th At 


408.9 


... 


... 


... 


... 


... 


... 




• •• 


••• 


... 


... 


18th At 


19th At 


413.9 


... 


... 


..• 


... 


... 


... 




• •• 


•.• 


... 


... 


19th At 


20th At 


418.5 


... 


• •• 


... 


414 


... 


... 




405 


••• 


-13.5 


+ 2.3 


20th At 


SOthAt 


457.2 


... 


• *. 


... 


... 


... 


... 




*•• 


••• 


••• 


••• 


30th At 


40ihAt 


466.6 


... 


... 


... 


•*. 


... 


... 




•*• 


••• 


••• 


••• 


40th At 


50th At 


510.6 


... 


... 


... 


••• 


... 


••* 




••• 


••• 


••• 


••• 


50th At 
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The following Table will save a yast deal of troable in computing the 
area of pistons, safety-yalves, &c. ; and we belieye requires very little 
apology for its introduction. 

TABLE OF THE AREAS, ETC. OF CIRCLES. 



t 






Side of 








Side of 


DU. 


Circum. 


Area. 


equal 
Square. 


Dia. 


Circum. 


Area. 


equal 
Square. 


1 in. 


31416 


.7854 


•8862 


16 in. 


50 265 


201 -062 


14-179 


H 


3-9270 


1-2271 


10775 


u. 


51-051 


207-394 


14-400 


M 


4-7124 


1«7671 


1.3293 


hi 


51-836 


213-825 


14-622 


% 


5-4978 


2-4052 


1-5508 


% 


52-621 


220-353 


14-843 


1 3 in. 


6-2832 


3-1416 


1-7724 


17 in. 


53-407 


226 980 


15 065 


' H 


7-0686 


3-9760 


1 -9939 


« 


54-192 


233-705 


15-286 


M 


7-8540 


4-9087 


2-2155 


% 


54-978 


240-528 


16-508 


% 


8-6394 


5-9395 


2-4370 


f* 


55-763 


247-450 


15-730 


3 in. 


9-4248 


7-0686 


2-6586 


18 in. 


56-548 


254-469 


15-951 


« 


10-210 


8-2957 


2-8801 


14 


57-334 


261-587 


16173 


H 


10-995 


9-6211 


3-1017 


% 


58-119 


268-803 


16-394 


% 


11-781 


11-044 


3-3232 


% 


58-905 


276 117 


16-616 


4 in. 


12-566 


12-566 


3-5448 


19 in. 


59-690 


283-529 ! 16-837 


'A 


13-351 


14-186 


3-7663 


H 


60-475 


291-039 17-060 


^ 


14-137 


15-904 


3-9880 


% 


61-261 


298-648 17-280 


% 


14-922 


17-720 


4-2095 


% 


62-046 


306-355 17-502 


5 in. 


15-708 


19-635 


4-4310 


20 in. 


62-832 


314-160 17-724 


'i 


16-493 


21-647 


4-6525 


'4 


63-617 


322-063 17-945 


H 


17-278 


23-758 


4-8741 


'^ 


64-402 


330-064 


18-167 


?i 


18-064 

1 


25-967 


5 0956 


% 


65*188 


338-163 


18-388 


6 in. 


18-849 


28-274 


5-3172 


21 in. 


65-793 


346*361 


18-610 


M 


19-635 


30679 


5-5388 


H 


66-759 


354-657 


18-831 


^A 


20-420 


33-183 


5 7603 


M 


67-544 


363-051 


19-053 


« 


21-205 


35-784 


5-9819 


% 


68-329 


371-543 


19-274 


7 in. 


21-991 


38-484 


6-2034 


22 in. 


69-115 


380-133 


19-496 


M 


22-776 


41-282 


6-4350 


\4. 


69-900 


388-822 


19-718 


M 


23-562 


44-178 


6-6465 


H 


70-686 


397-608 


19-939 


% 


24-347 


47-173 


6-8681 


% 


71-471 


406-493 


20161 


■ 8 in. 


25-132 


50-265 


7-0897 


23 in. 


72-256 415-476 20382 


li 


25-918 


53-456 


7-3112 


'A 


73 042 424-557 


20-604 


M 


26-703 


56-745 


7-5328 


M 


73 827 


433-731 


20-825 


% 


27-489 


60132 


7-7544 


?• 


74613 


443-014 


21 047 


9 in. 


28-274 


63-617 


7-97G0 


24 in. 


75-398 


452-390 ',21-268 


U 


29-0:)9 


67 200 


8-1974 


5< 


76-183 


461-864 


21-490 


^A 


29-845 


70-882 


8-4190 


>4 


76-969 


471-436 


21-712 


"A 


30-630 


74-662 


8-6406 


% 


77-754 


481 106 


21-933 


10 in. 


31-416 


78-540 


8:8620 


25 in. 


78-540 


490-875 


22-155 


H 


32-201 


82-516 


9-0836 


u 


79-325 


500-741 


22 376 


'^ 


32-986 


86-590 


9-3051 


»i 


80110 


510-706 


22-598 


! « 


33-772 


90-762 


9-5267 


% 


80-896 


520-769 


22-819 


! 11 in. 


34-557 


95-033 


9-7482 


26 in. 


81-681 


530-930 


23-041 


; '^ 


35-343 


99-402 


9-9698 


U. 


82-467 


541-189 


23-062 


H 


36-128 


103-869 


10-191 


^ 


83-252 


551-547 


23 484 


?4 


36-913 


108-434 


10-413 


% 


84-037 


562-002 


23-708 


12 in. 


37-699 


113-097 


10-634 


27 in. 


84 823 


572-556 


23-927 


H 


38-484 


117-859 


10-856 


U 


85 608 


583-208 


24-149 


M 


39-270 


122-718 


11-077 


H 


86-394 


593-958 


24-370 


?i 


40 055 


127-676 


11-299 


% 


87-179 604-807 


24-592 


13 ill. 


40 840 132-732 


11-520 


28 in. 


87 964 : 615-753 


24 813 


M 


41-626 1137-886 


11-742 


\i 


88-750 626-798 25-035 


w 


42-411 


143-139 


11-963 


M 


89-535 637-941 ,25-256 


/4 


43 197 


148-489 


12-185 


% 


90-321 649-182 ; 25 478 


14 in. 


43-982 153-938 


1 

12-406 


29 in. 


91-106 660-521 


25-699 


M 


44-767 159-485 


12-628 


M 


91-891 


671-958 


25-921 


H 


45 553 165-130 


12-850 


H 


92-677 


683-494 


26143 


% 


46-338 1170 873 

1 


13-071 


% 


93-462 


695-128 


26-304 


15 in. 


47-124 


176-715 


13 293 


30 in. 


94-248 i 706-860 | 26*586 


5i 


47-909 


182 654 


13-514 


'4 


95-033 1718-690 


26-807 


H 


48-694 


188-692 


13-736 


H 


95-818 i 730-618 


27-029 


% 


49-480 


194-828 


1 13 957 


% 


96-604 

1 


1 742-644 


27-2:)0 

1 

1 



TABLE OF THE AREAS, EfC. OF CIRCLES.— cw/imiedl 



Dia. 


Circum. 


Area. 


Side of 

equal 

Square. 


Dia. 


Circum 


Area. 


Side of 

equal 

Square. 


31 in. 


97-389 
98-175 
98-968 
99-745 


754-769 
766-992 
779-313 
791-732 


27-472 
27-693 
27-915 
28-136 


51 in. 


160-221 
161-792 


2042*82 
2083*07 


45-196 
45*639 


52111. 


163*363 
164*934 


2123*72 
2164-75 


46-082 
46-525 


82 in. 
li 

% 


100-531 
101-316 
102-102 
102-887 


804-249 
816-865 
829-578 
842-390 


28-358 
'i8-580 
28-801 
29 023 


S3 in. 

\i 


166-504 
168*075 


2206*18 
2248*01 


46*968 
47*411 


54 in. 


169-646 
171*217 


2290-22 
2332-83 


47-854 
48-298 


33 in. 


103-672 
104-458 
105-243 
106-029 


855-30 
868 30 
881-41 
894-61 


29*244 
29-466 
29-687 
29-909 


55 in. 


172-788 
174*358 


2375*83 
2419*22 


48*741 
49-184 


34 in. 

% 
% 


106-814 
107-599 
108-385 
109-170 


907-92 
921-32 
934 82 
948-41 


30-131 
30-352 
30-574 
30-795 


56 in. 


175*929 
177-500 


2463-01 
2507*19 


49-627 
50 070 


57 in. 


179-071 
180*642 

182*212 
183-783 


2551*76 
2596-72 


50-513 
50-956 


35 in. 


109-956 
110-741 
111-526 
112-312 


962-11 
975-90 
989-80 
1003-7 


31-017 
31*238 
31-460 
31-681 


.58 in. 


2642*08 
2687-83 


51*399 
51*842 


59 in. 


185*354 
186-925 


2733-97 
2780-51 


52-285 
52-729 


36 in. 
'A 

% 


113-097 
113-883 
114-668 
115*453 


1017-87 
1032*06 
1046-39 
1060-73 


31-903 
32-124 
32-346 
32-567 


coin. 


188-496 
189*066 


2827-44 
2874-76 


63-172 
53-615 


37 in. 

% 


116-239 
117 024 
117-810 
118-595 


1075-21 
1089-79 
1104-46 
1119-24 


32-789 
33-011 
33 232 
33-454 


61 in. 


191-637 
193-208 


2922-47 
2970-57 


54-048 
54-501 


62 in 


194-779 
196-350 


3019-07 
3067.96 


54-944 
55-387 


38 in. 


119-380 
120166 
120-951 
121-737 


1134-11 
1149-08 
116415 
1179-32 


33-675 
33-897 
34118 
34-340 


63 in. 


197-920 
199-491 


3117-25 
3166-92 


55-830 
56-273 


64 in. 


201*062 
202-633 


3216-99 
3267-46 


56*716 
57-159 


39 in. 


122-522 
123-307 
124-093 
124-878 


1194-59 
1209*95 
1225-42 
1240-98 


34-561 
34-783 
35 005 
35-226 


65 in. 


204 204 
205-774 


3318-31 
3369-56 


57-603 
58-046 


40 in. 


125-664 
127-234 


1256-64 
1288-25 


35-448 
35 891 


66 in. 


207-345 
208-916 


3421-20 
3473-23 


58-489 
58*932 


41 in. 


128-805 
130-376 


1320-25 
1352-65 


36 334 
36-777 


67 in. 
14 


210-487 
212-058 


3525-66 
3578-47 


59-375 
59-818 


42 in. 


131-947 
133-518 


1385-44 
1418-62 


37 220 
37-663 


68 in. 


213-628 
215199 

216*770 
218*341 


8631-68 
3685-29 


60-261 
60-704 


43 in. 


135-088 
136-659 


1452*20 
1486*17 


38 106 
38-549 


69 in. 


3739-28 
3793-67 


61-147 
61-591 


44 in. 


138-230 
139-801 


; 1520 53 
1555-28 


38-993 
39-436 


70 in. 


219-912 
221*482 


3848-46 
3903-63 


62-034 
62-477 


45 in. 


141-372 
142-942 


1590-43 
1625-97 


39-879 
40-322 


71 in. 223-053 
14 224*624 


3959-20 
4015-16 


62*920 
63-363 


46 in. 


144-513 
146-084 


1661-90 
1698-23 


40-765 
41-208 


72 in. 

14 


226-195 
227-766 


4071-51 
4128-25 


63-806 
64-249 


47 in. 


147-655 
149-226 


1734-94 
1772-05 


41-651 
42 094 


73 in. 


229-336 
230-907 


4185*39 
4242-92 


64-692 
65-135 


48 in. 


150-796 
152-367 


1809-56 

1847-45 

1 


42-537 
42-980 


74 in. 


232-478 
234-049 


4300-85 
4359-16 


65-578 
66 022 


49 in. 

\i 


1.53-938 
155-509 


1885-74 
1924-42 


43-423 
43-867 


75 in. 

'A 


235-620 
237-190 


4417-87 
4476 97 


66-465 
66-908 


SO in. 


1 157-080 
1 158-650 


1903-50 
2200 -96 


44-310 
44-753 


76 in. 


238-761 
240 332 


4536-47 

4596 35 

1 


67-351 
67*794 


1 






■ 
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TABLE OP THE AREAS, ETC. OF CIRCLES — continued. 



DU. 


Clrcmii* 


Area. 


Side of 

equal 

Square. 


Dia. 


Circum. 


Area. 


Side of 

equal 

Square. 


77 in. 


841-903 
243-474 


4656-63 
4717-30 


68-237 
68*680 


89 in. 


279-602 
281-173 


6221-139 
6291-236 


78-874 
79.317 


78ixL 345-044 
% 246-615 


4778-37 
4839-83 


69*123 
69-566 


90 in. 


282-743 
284-314 


6361-725 
6432-607 


79-760 
80-204 


79 m. 


248-186 
249757 


4901-68 
4963-92 


70-009 
70-453 


91 in. 


285-885 
287-456 


6503-882 
6575-550 


80-647 
81-090 


aoiiL, 


251-328 
252-898 


5026*56 
5089*58 


70-896 
71-339 


92 in. 


289-027 
290-597 


6647-610 
6720-063 


81-533 
81-976 


81 in. 


254-469 
256-040 


5153*00 
5216-82 


71-782 
72-225 


'93 in. 


292*168 
293-739 


6792-909 
6866-147 


82-419 
82-862 


82 in. 


257-611 
359*182 


5281-02 
5345*62 


72-668 
73-111 


94 in. 


295-310 
296-881 


6939-778 
7013-802 


83-305 
83-748 


83 in* 


360-752 
262-323 


5410-62 
5476-00 


73-554 
73-997 


95 in. 


298-451 
300-022 


7088-218 
7163028 


84-192 
84-635 


84 in. 


263*894 
265-465 


5541-78 
5607 -W 


74-440 

74-884 


96 in. 


301*593 
303*164 


7238-229 
7313-824 


85-078 
85 -.521 


85 in. 


267-036 
268-606 


5674-51 
5741-47 


75-327 
75-770 


97 in. 


304*734 
306*305 


7389-811 
7466-191 


85-964 
86-407 


86 in. 


270-177 
271-748 


5808*81 
5876-55 


76-213 
76-656 


98 in. 


307*876 
309-447 


7542-964 
7620-129 


86 850 
87-293 


87 in. 


273-319 
274-890 


5944-69 
6013-21 


77-099 
77-542 


99 in. 


311-018 
312-588 


7697-687 
7775-638 


87-736 
88-180 


88 in. 


276-460 
378-031 


6082*13 
6151-44 


77*985 
78-428 


100 in. 


314-159 


7854-982 


88-623 



TABLE OV THE EXPANSION 07 AIB BT HEAT. 



FUim.* 

32 1000 

33 1002 

34 1004 

35 1007 

86 1009 

87 1012 

88 ...... 1015 

39 1018 

40 1021 

41 ..... 1023 

42 10^5 

43 1027 

44 1030 

45 1032 

46 1034 

47 1036 

48 1038 

49 1040 

50 1043 

51 1045 

52 ^.... 1047 

53 1050 

54 1052 

55 1055 

56 1057 

57 1059 

58 1062 

59 1064 

60 1066 



Fahren. 

61 1069 

62 1071 

63 1073 

64 1075 

65 1077 

66 1030 

67 1080 

68 1034 

69 1087 

70 1089 

71 1091 

72 1093 

73 1095 

74 1097 

75 1099 

76 1101 

77 1104 

78 1106 

79 1108 

80 1110 

81 1112 

82 1114 

83 1116 

84 1118 

85 1121 

86 1123 

87 1125 

88 1128 

89 1130 



Fahren. 

90 1132 

91 1134 

92 1136 

93 ••• .. 1138 

94 1140 

95 1142 

96 1144 

97 1146 

98 1148 

99 1150 

100 1152 

110 .jj,„ 1173 

120 1194 

130 1215 

140 1235 

150 1255 

160 1275 

170 1295 

180 1315 

190 1334 

200 1364 

210 ..... 1372 

212 1376 

302 1558 

392 1739 

482 1919 

572 2098 

680 2312 



T 



TABLE OF HTPEBBOUC LOOARITHXS. 



The use of hyperbolic Ic^arithms is indispensable to the compntation of^ 
4he exact power of an engine 'working expansively ; and as tables of such 
logarithms are rarely in the possession of practical men, we here give such 
u aMortmenft u will soffioe for the nses of the engineer. 



Namb. 


Hyp. Log.' 


Numb. 


Bjp.Lo§. 


Namb. 


Hyp. Log. 


NtunU 


Hyp. Log. 


1 

Numb. 


Hjp.Le«. 


1-05 


.049 


3-05 


1-115 


5-05 


1-619 


7-05 


1-953 


9-05 


2-203 


1-1 


-095 


3-1 


1*131 


5-1 


1-629 


7.1 


1*960 


9.1 


2-208 


1*15 


•140 


3*15 


1-147 


5-15 


1-639 


7.15 


1-967 


9-15 


2-214 


1-2 


•182 


3*2 


1-163 


5-2 


1*649 


7.2 


1-974 


9.2 


2-219 


1-25 


•223 


3-25 


1-179 


5-25 


1-658 


7*25 


1-981 


9-25 


2*225 


1-3 


•262 


3-3 


M94 


5-3 


1.668 


7.3 


1-988 


9-3 


2*230 


1-35 


•300 


3-35 


1-209 


5-35 


1-677 


7-35 


1-995 


9-35 


2-235 


1*4 


*336 


3-4 


1-224 


5-4 


1-686 


7-4 


2-001 


9-4 


2-241 


1-45 


*372 


3-45 


1-238 


5-45 


1*696 


7-45 


2-008 


9-45 


2-246 


1-5 


*405 


3-5 


1-253 


5-5 


1-705 


7-5 


2-015 


9-5 


2-251 


1-55 


*438 


3-55 


1-267 


5-55 


1-714 


7-55 


2-022 


9-55 


2-257 


1.6 


•470 


3-6 


1-281 


5-6 


1-723 


7-6 


2*028 


9-6 


2-262 


1-65 


•500 


3-65 


1-295 


6-65 


1.732 


7-65 


2-035 


9-65 


2-267 


1-7 


•531 


3-7 


1-308 


5-7 


1-740 


7-7 


2.041 


9-7 


2-272 


1*75 


•560 


3-75 


1-322 


5-75 


1-749 


7*75 


2-048 


9-75 


2-277 


1-8 


•588 


3-8 


1-335 


5-8 


1-758 


7*8 


2-054 


9-8 


2-282 


1-85 


•615 


3-85 


1-348 


5-85 


1-766 


7-85 


2-061 


9-85 


2-287 


1-9 


•642 


3-9 


1-361 


5-9 


1-775 


7*9 


2067 


9-9 


2-293 


1-95 


*668 


3-95 


1-374 


5-95 


1*783 


7-95 


2-073 


9-95 


2-298 


2-0 


*693 


4-0 


1-386 


6-D 


1-792 


8-0 


2-079 


10- 


2-303 


2-05 


•718 


4-05 


1-399 


6-05 


1-800 


8-05 


2-086 


15 


2-708 


2-1 


•742 


4-1 


1-411 


6-1 


1-808 


8-1 


2-092 


20 


2-996 


2-15 


.765 


4-15 


1-423 


6-15 


1-816 


8-15 


2-09^ 


25 


3.219 


2-2 


•788 


4-2 


1-435 


6*2 


1-824 


8*2 


2-104 


30 


3-401 


2-25 


•811 


4-25 


1-447 


6-25 


1-833 


8-25 


2-110 


35 


3-555 


2-3 


•833 


4-3 


1-459 


6-3 


1-841 


8-3 


2-116 


40 


3-689 


2-35 


•854 


4-35 


1-470 


6-35 


1*848 


8-35 


2*122 


45 


3-807 


2-4 


•875 


4*4 


1-482 


6-4 


1-856 


8-4 


2*128 


50 


3.912 


2-45 


.896 


4-45 


1-493 


6-45 


1-864 


8-45 


2-134 


55 


4.007 


2.5 
2-55 


-916 


4-5 


1-504 


6-5 
6-55 


1-872 


8-5 


2*140 


60 


4-094 


•936 


4-55 


1-515 


1-879 


8-55 


2-146 


65 


4*174 


2-6 


•956 


4*6 


1-526 


6-6 


1-887 


8-6 


2-152 


70 


4-248 


2-65 


•975 


4*65 


1-537 


6-65 


1-895 


8-65 


2-158 


76 


4-317 


2-7 


•993 


4-7 


1-548 


6-7 


1.902 


8-7 


2-163 


80 


4-382 


2-75 


1-012 


4-75 


1-558 


6-75 


1-910 


8-75 


2-169 


85 


4-443 


2-8 


1-030 


4-8 


1-569 


6-8 


1-917 


8-8 


2-175 


90 


4-500 


2-85 


1-047 


4*85 


1-579 


6-85 


1-924 


8-85 


2-180 


95 


4-554 


29 


1-065 


4-9 


1-589 


6-9 


1-931 


8-9 


2-186 


100 


4-605 


2-95 


1-082 


4-95 


1-599 


-956 


1*939 


8*95 


2*192 


1000 


6-908 


3-0 


1-099 


5-0 


1-609 


7.0 


1-946 


9-0 


2-197 


10,000 


9-210 



STRENGTH OF MATERLiLS. 

The chief matenals, of which it is necessary to record the strength in a 
treatise on the steam engine, are cast and maUeable iron ; and many expe- 
riments have been made at different times upon each of these substances, 
though not with any very close correspondence. Professor Barlow has 
made a large number of experiments upon iron of all kinds, and the follow- 
ing is a summary of them : — 



Materiala. 


c 


8 


B 


M 


Iron, c«t j^-": : : 

Wire . - - . 


163001 
36000 J 
60000 
80000 


8100 
9000 


69120000 
91440000 


5530000 
6770000 



The first column of figures, marked C, contains the mean strength of 
cohesion on an inch section of the material ; the second, marked S, the 
constant for transverse strains; the third, marked £, the constant for 
deflections ; and the fourth, marked M, the modulus of eUsticity. The 
introduction of the hot blast iron brought with it the impression that it 
was less strong than that previously in use, and the experiments which had 
previously been confided in as giving results near enough the truth, for all 
practical purposes, were no longer considered to be applicable to the new 
state of things. New experiments were therefore deemed necessary, and 
public spirited persons were not wanting to answer the call ; but of all 
these later trials the results obtained by Mr. Fairhaim and Mr. Eaton 
Hodgkinson of Manchester appear to be the most entitled to confidence, 
as great care and labour were spent upon those experiments, and we know 
them to have been conducted by skilful persons. The following table 
has been furnished to us by Mr. Fairhaim, and gives, we have no doub^ 
results as nearly correct as can be required or attained : — > 



S6 Strength o/MaleriaU. 

BESULTS OP EXPEKIMENT8 ON THE STBENOTH AND OTUEB PUOPERTIES OF CAST IROS, FKOU THE FKINCIPAL 
IBON WOBK9 IN THE UNITED KINGDOM, BY W. FAIBBAIRN. 



Id the foUowiDg Table each bar ia reduced to exactly one inch square ; BQd the trapiTerae itrength, vhich may be taken ai a cril«rioD of the faloe nf 
each Iron, ii ohtained tnna a meaa betireeD the Experiments upon it, given in the Memoin ; — Gnt on ban 4 (t 6 in. between the supporta ; and neit 
on those of half the length, or 3 ft. 3 in. between the sapports. All the other remit! are deduced from the 4 fL 6 in. bare. In all caaes the weights 
were laid on the middle of the bar. 
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Si 




Moilulcii t>r 
elutldlr In 


'% 


it 
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ii. 


Ccl«,. 
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D«.,t 


11 


jiji 
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HI 
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■X, 
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1 


Ponkej, No. 3. Cold Blast - 




7.123 


17211000 


667 


595 


581 


1,747 


392 


Whitish grey 


Hard. 


2 


Devon, No. 3. Hot BUst- - 




7.351 


32473650 


537 




537 


K09 




While - - 


Hard. 




Oldberrj-. No. 3. Hoi Blast - 




7.300 


33733400 


543 


517 


530 


1.005 


549 


White - 


Hard. 




Carron, No. 3. HctBliisf - 




7.056 


17873100 








1.365 


710 


Whitish grey 


Hard. 


5 


Beaufort, No. 3. Hoi Blast - 




7.069 


16802000 




529 




1.599 


B07 


Dullish grey - 


Hard. 


6 






7.03S 


15379500 


489 


515 


502 






Dark grey - 


Soft 


T 


Bote, No. 1. Cold Blast 




7.066 


1516^000 


495 


487 


431 


1.764 




BInUhgrey - 


SofL 




Wind Mill End, No. 3. Cold Blatt 




7.071 


16430000 


4S3 


493 


489 


1.591 


76S 


I>ark grey - 


Hard. 


9 


Old Park, No. 2. Cold Bliui - 




7.049 








485 


1.621 




Grey"-' - 


Soft. 


10 


Beaufort, No. 2. Hot Blast - - 




7.108 


16301000 


4-8 






1.512 


723 


Dull grey - 


Hard. 


11 


Low Moor. No. a. Cold Blast 




7.0.W 


145OD500 


463 


483 


472 


1.852 


855 


Dark grey - 


Soft 


13 


Buffety. No. 1. Cold Blast' - 




7.07B 


15381300 


463 




463 






Grey - - 


Rather hard. 


13 


Briuibo. No. 3. Cold Blast - 




7.017 


149116^6 


466 


453 


459 


1.748 




Light grey - 


Rather hard. 




Apedale. No. 2. Hot Blast ■ 




7.017 


14S5200O 


457 




456 


1.730 


791 


Light grey - 


Stiff. 


IS 


Oldberry, No. 3. Cold Blast - - 




7.059 


14307500 








1.811 


822 


Dark grey - 


Rather soft. 


16 


Pentwyn, No. 3, - 




7.039 


1511)3000 


439 


473 


455 




650 


Bluiah grey - 


Hard. 


17 


Stoeateg, No. 2. - 




7.03B 


13959.'i00 


453 


455 


4r.4 






Dark grey - 


Rather taH 


18 


Moirkirk. No. 1. Cold Blast ■ 




7.113 


14003550 


443 


4G4 


453 


1.734 




Bright grey - 


Fluid. 


19 


Adelphi, No, 3. Cold Blast - 




7.080 


13815500 




457 


449 


1.759 




Li^htgrey - 


Soft. 


ao 


Blania, No. 3. Cold Blast - - 




7.159 


14291466 






443 


1.726 




Bright grey - 


Hard. 


SI 


Devon, No. 3. Cold Blast* - 




7.395 


22907700 








.790 


353 


Light grey - 


BaM. 


33 






7.017 


13B94000 


437 


467 






998 


Light grey - 


Sot^ 


83 


Frood, No. 3. Cold Blast • 




7.031 


13112666 


460 


434 


447 






Light grey - 


Open. 


34 


Lane End. No, 2. - 




7.02S 


15787666 






444 


1.414 


629 


Dark grey - 


Soft. 


35 


Carron, No. 3. Cold Blast- - - 




7,094 






443 


443 


1,336 


593 


Grey"-' - 


Soft. 


36 


Duodyvan. No. 3. Cold Blast 




7.097 


16,^34000 








1.469 


674 


Dullgwy - 


Rather soft. 


27 


Maesteg (Marked Bed) 




7.039 


139-1500 




444 


442 




830 


Bluish grey - 


Fluid. 


38 


Corbyns Hall, No. 2. - - - 




7.007 


139-15866 


430 


454 


442 


1.697 


727 


Grey - 


Soft. 




PontjTOol, No. 2. - - - 




7.080 


1313B5O0 


439 


441 


440 


1.857 


816 


Dull blue - 


Rather soft. 




Wallbrook, No. 3. - - - 




6.979 


15394766 


433 


443 


440 


1.443 


625 


Light grey - 


Bather hard. 


31 


Wilton, No. 3. Hot Blast - 






15852500 






439 


1.368 


585 


Grey - - 


Rather hard. 


32 


Buffery. No. 1. Hot Blast- - 




6.998 


I3r3O,'JO0 


436 








■21 


Dull grey - 


Soft. 


33 


UveU No. t. Hot Blast 




7.08O 


15452500 


461 


403 




1.516 


693 


Light grey - 


Soft. 




Pant, No. 2. - - - . 




6.975 


15290900 


408 


455 


431 


1.351 




Light grey - 


Rather hard. 


35 


Level, No. 2, Hot Blast 




7.031 




419 


439 


429 


1.358 


570 


Dullgrey^ - 


Soft. 


36 


W. 8. S., No. 2. - . - - 




7.041 


14953333 






4-J9 


1,339 


5,54 


Light gr«y - 


Soft. 


37 


Eaflle Foundry. No. 3. Hot Blast - 






14211000 




446 


427 




6ia 


Bluish grey - 


Soft. 




Elsicor, No. 2. Cold Blast - 




B.928 


ia586.W0 


446 






2.224 


992 


Grey - - 


Soft. 


39 


Varleg. No. 2. Hot Blast - 




7.007 


15012000 


432 


430 


-426 






Grev - 


Haid., 


40 


Coltham. No. 1. Hot Blast - 




7.128 


l.Wi0066 


464 


385 




1..'.32 


716 


Whitish grey 


Rather soft. 


41 


Carroll. No. 2. Cold Blast - 




7.069 


17036000 




408 


419 


1,231 


530 


Grey - • 


Hard. 


43 


Mnirkirk. No. 1. Hot Blast • 








417 




419 


1.570 


656 


Bluish grey - 


Soft. 




Bierley, No. 2. - 






16156133 


404 








494 


Dark grey - 


Soft. 


44 


Coed- Talon, No. 3. Hot Blast • - 




6.969 


U332S0O 


409 


434 


416 




771 


Bright grey - 


Soft. 


4S 


Coed-Talon. No. a. Cold Blast" - 




6.955 


U304000 


408 


418 


413 






Grey - - 


Rather soft. 


46 


Monkland, No. 3. Hot Blast - - 




6.916 


13a,'i9,i00 


403 


404 


403 


1.7 03 




Bluish grey - 


Soft. 


47 


Ley-a Works. No. 1. Hot Blast - 












893 


1.890 


743 


Bluish grey - 


Soft. 


48 


MLkon, No. 1. Hot Blast - 












369 


1.535 


538 


Grey - - 


Soft and fluid 




Plaskynaston, No. 2. Hot BUist • 




6.916 


13341633 


378 


337 


357 


1.366 


517 


Light grey - 


Rather soft. 



t The modulus of elasticity was ntoally taken from the deflection caused by 113 lbs. on the 4 ft. 6 in. bare. 

RULE. 

To find from the above table the breaking weight in rectangular bars, gewrally. Calling b and d the breadth and depth in inches, and / the diatane* 

between the lupporta, in feet, and putting 4,5 for 4 ft 6 in., we have --^- — > — Dbreakingweight inlbs., — the value of S being taken f>om the Table aborfe 

For example : What weight would he necessary to break a bar of Low Moor Iron, 3 inches broad, 3 inches deep, and 6 feet between tli« mpintta? 



Acoording to the mle given above, we have £•■ 2 inchea, J— 3 iiiche«,Ii6 fe«C, 5=473 from the Table. Then 
die betaking weight. 



irbtfS 4.5>2ii3'x47a 



Mechanical DefinUiotu, 



ASEAS BIIDAI. o 



Eoiiliih do. - 
Cut itnl - 
BliMered do. - 



eopper 

m bnn, cut 



65,000 
59,470 
96,000 
134,256 
I33,IS2 
127,63! 
33,892 
36,.16S 
19,072 



» science vhleli tretCi in general of (he action of bodies on 
one another, u regwds their jnotioni, their forces, and their velocities. Rj 
the laws of mechanics ne are taught how to move a given weight with a given 

Ker, and how to contrive engines to raise great loads and perform motions 
ever complicated. 
Boify is the ninss or qnantitj of natter contained in an^ material sqb- 
tfanoe, and it is always taken u being proportional to the weight or gravity, 
whatever the figure of the body may be. Body possessf s bu)k or volniuo. which 
tignifie* the space that is occupied bj it ; this element must therefore be 
determined by combining the three dimensions of length, breadth and depth. 
Weight or gravity is that property in a body by which it endeavours to fall 
downward) and gain the lowest place ; it is called absolnte gmvily when 
the body descends in free space, and relative gravity when it descends in 
a fluid. Specific gravity is the proportion or relation of the weights ofdif- 
tarnt bodies of equal magnitudes, bulks or volume, and is therefore propor- 
tional to the density of the bodies. Density is the proportioniil wel^^ht or 
qnanlity of mailer in a body ; so that in two cubes or globes of equd bulk 
or magnitude, if the one weigh one ounce, pound or cwt. and [he iither two 
oonces, pounds or cwta., the density of the latter will be double that of the 
former ; and if it weighs three ounces, &c., its density will be triple, and 
■o on. BaHty is the reverse of density, and is generally understood by 
Kferring to the space which is oCbupied by a given weight of any ai'riform 
tnbalanee : thus we say that air is 820 timet rarer than water, because an 
ODnce or a pound of air occupies B20 times the space that is occupied hy an 
oonce or a pound of water. 

Bodies are either hard, soft,or elastic, and they are also either solid or 
flnld. A hard body is that which retains its figure unaltered under every 
cimiinstaoce. refusing to yield to anjr force whatever. A sofl body is that 
which admits its form to be altered, ils parts yielding to the least stroke or 
impreasion, the body retaining any form that is given to iL An elastic 
body is that whose parta yield to any stroke or impression, however slight, 
but which instantly restore tbeiaselves when [he disturbing agency 
is removed. A solid body is that whose parts are norcasily moved 
among themselves, and which retains any form that Is given to it. A 
flnid body is [h>t whose parts yield to the slightest impression, being easily 
moved among themselves in every direction, and the surface when in a slate 
of quiescence is always observed to coincide with r smooth horizoutal 
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The quantity of natter in bodies is proportional to the magnitudes mul- 
tiplied bj the densities or specific graiides, or the quantity of matter is pro* 
portional to the cube of the diameter multiplied by the density or spe^c 
gravity. The magnitude of a body is proportional to the quantity of mat- 
ter which it contains divided by the density or specific gravity, or the 
magnitude is proportional to the cube of the diameter, or £e cube of anj 
linear dimension. The density of a body is proportional to the quantity of 
matter divided by the magnitude, or it is proportional to the specifle 
gravity. From these few panicuiara we obtain thesolntion* of the following 
queslions in reference to the properties of matter. 

ExiHFLE. l<et the magnitudes of two bodies be 2S6 and 106 cnbic inches 
respectively, and their densities or specific gravities u S to 3 ; it is required 
to determine the proportional quantities of matter in the two bodies. The 
method of resolving this example is perfectly manifest fW>m what precedes, 
for we have slated that the quantities of matter tie proportiona] to the 
magnitudes multiplied hy the deoalties, hence it is 



256 X S : II 



3:.i 



bodies are to each other at 1 t< 



so that the quantities of matter 
0-6328 very nearly. 

To vary the question, let it be proposed to determine the proportiimal 
magnitudes of the two bodies, their proportional densities bemg a* 3 to 3. 
and the quantities of matter as I to 0-6328, or u 1 to /^ We have 
above, that the magnitudes of bodies are proportioimr (o t1 
matter divided hy the density ; hence we have 

>;2:^::l: 0-4219 very nearly. 

Consequently the proportionsl magnitudes are u I to 0-4119 nearlr, or 

accurately u 64 to 37 ; it therefbre follows, that if one magnitnde be giveil 

the other can readily be found ; thus, fbr instance, if the greater magnitude 

be 256 cubic inches, the lesser will be lOS cubic incbei, for 64 : 37 : : 956 



1 the qnanti^ of 



MoUoK is a continual and successive change of place : if the body moves 
equally, it is called rguabh or uniform motion ; but if the motion increases 

or decreases, it is called acceUraled otretarded nrntian, and, when >t is com- 
pared with some other body at rest, it is called abiulule motittii, but when 
compared with olher bodies in motion, it is called relativt molian. Tha 
direvlion of motion is the way the body lends or the line in which it moves, 
and the qvanlily o( aolion is the motion a body has when considered with 
regard to the quantity of mutter and velocity conjointly. This is also 
called the nomenfuiK or mechatiicat effect. 

Velocily is an affection of motion by which a body is earned over a cer- 
tain space in a certain time, and is greater or less, according u the body is 
carrii'd over a greater or less space in a certain specified time, as a second 
"■ of velocity is the space or distance through 



Then 



»of m 



a all bodies 



! In the compound 



IT qnantitii 
titio of their nagnitndes and densities ; that is, the 
ponional to the magnitodes multiplied by the dcnsilles. This is 
obvious from the definitions, for in bodies of equal magnituiles the quantities 
of matter are proportional to the densities; botif the densities are ibc same, 
the masses are proportional to the magnitudes; that is, a double magnitude 
contains a double quantity of matter, a triple magnitude a triple quantity, 
and so on ; consequently, the quantilies Of matter are in the ratio com- 
pDonded of the magnitudes and densities. In similar bodies the masses or 
quantities of matter, are proportional to the densities and cubes or third 
t>awer« of the diameters ; that is. the quanlitiea are proponionat to the den- 
sitiea multiplied by the cubes of the diameters, for the magnitudes of bodies 
are u the cnbes of their diameters, or the cubes of their like linear dinien- 
aioDS. The quanlitics of matter in all bodies, are in the compound ratio of 
the munitudes and specific gravities ; that is, the quantities of matter are 
pr^mrtioital to the magnitudes of the bodies multiplied hy the specific 
graritiea, the densities and specific gravities being proportional. From the 
principles here stated we deduce the following particulars in regard to (he 



which a body moves imiCbrml^ in a determinate portion of lime ; thus we 
say (he plslon of a steam-engine travels with a velocity of 330 feet per 
minute, and a cannon ball with the velocity of IGOO feet per second. The 
variations which we have attributed to motion are peculiar also to velocity, 
but they need not be repeated. 

i^urce is a power exerted on a body to put it in motion or to slop it when 
It is in motion, and it admits of two varieties i namely, permanent, and 
impulsive or pereussive forces. A permanent force is that which acta 
constantly with the same intensity, such as pressure Or the force of gravity. 
Hut if it act instantaneously, or but for an imperceptibly short space of 
time, it is known by the name of impulse or percussion. Forces are also 
distinguished into motive and accelerating or retarding forces. A motive 
or moving force is the power of an agent to produce motion, whether it be 
by pressure or by impact, and it is equal or proportional to the momentum 
which it generales in the moving body. An accelerating or retarding 
force is generally understood to be that which influences or affects the 
velocity only, or it is that hy which (he velocity is increased or decreased, 
tad it is always equal or proportional to the motive force directly, and to 
ihe mass or body moved inversely ; that is, it is either equal or proportional 
10 the motive force divided by the weight of the body moved. 

In addition to Ihe above definitions, there are several axioms or first 
principles on which Sir Isaac Newton foimded the doctrine of mechanical 
(Ciencc, and by which he was led through a train of beaulifiU but recondite 
inquiry to the discovery of those simple and immutable laws that were 
established for Ihe government of Ihe universe. The axiom* or lairs of 
motion alluded to are as follows. 

Axiox or Law 1. All bodies endeavovr to perttvere in or mamtam Aar 
presenl ttate, wlitlher lluy bt at rial or mBBing yniformfy in a atraight lou; 
find in that ttate they fur ever conliaut. valets Ihey are cimpeJltd lo alter it ig 
I Ihe aetioit of tome eJ-tranroui farce. This is the law of inertia;. 
' Axiom or Law 2. T/ie change or alteration of notitm produced by the 
iclion of any ezttmal fvrce it altcayi Bro/iotlioKal to thai force, aiid the 
utanyt liiitt plnet in the directiun of Uie line in ahich it actt. This is the 
law of perturbation. 
I Axiom or Law 3. Tht aclioa and reaction tkat take place betveen any 
I Mo bodiei art ahcayt equal and in ctmtriiTy dirrcliont; that is, by acIioB 
( ind reaction equal changes of motion arc produced in bodies acting on 
I F 3 



2h 



Mechanical Principlei* 



each other, and these chants take place in contrary directions. This ii 
the law of action and reaction, or the law of reciprocal influences. And 
fW>m these axioms or laws, in combination with the preceding definitions, 
Sir Isaac Newton deduces the following theory of motion and forces, which 
IS now nniyersally received. 

The momentum or quantity of motion generated by any momentary or 
impulsive force is directly proportional to the force that generates it 
What is here stated is perceived almost intuitively, for every effect is 
proportional to its adequate cause ; so that a double force will produce a 
double momentum or quantity of motion, and a quadruple force will pro- 
duce a quadruple momentum, and so on ; that is, the motion communicated 
is always proportional to the communicating force. When bodies are put 
in motion by the action of any force, the momenta or quantities of motion 
generated therein are directly proportional to the masses or quantities of 
matter multiplied by the velocities. This is evident, for if the velocities 
are equal, the momenta are proportional to the masses, a double mass 
impinging with a double force, a triple mass with a triple force, and so on. 
And in like manner, when the masses are the same, a double velocity 
requires a double force to produce it, and a triple velocity a triple force $ or, 
in other words, the velocity is proportional to the motive force. But as we 
have stated above, the momentum or quantity of motion is proportional to 
the force that produces it ; and, consequently, when the mass is the same, 
the momentum is proportional to the velocity ; therefore, when neither the 
mass nor velocity is the same, the momentum is proportional to their 
product. 

When the motions are uniform, the spaces or distances described or 
passed over by the moving bodies are directly proportional to the velocities 
multiplied by the times of their description. In uniform motions, the 
time occupied by the motion is proportional to the space described divided 
by the velocity. But when the velocity is constant, the space is pro- 
portional to the time, and when the space is given, the time is inversely as 
the velocity ; that is, a greater velocity requires less time to carry it over 
the same space. Ag£un, in uniform motions, the velocity is proportional 
to the space divided by the time ; hence it follows, that when thi.' time is 
constant, the velocity is proportional to the space described, and when the 
space is constant, the velocity is inversely as the time of description. 

By attentively considering the principles just enunciated, it will readily 
be perceived that the following general analogies may be deduced from 
them, and by means of these analogies may be resolved all the questions 
that can arise in reference to uniform motions, and to the effects of 
momentary or impulsive forces. 

1. The momentum or quantity of motion is directly proportional to the 
generating force. 

2. The momentum is directly proportional to the body or quantity of 
matter moved, multiplied by the velocity. 

3. The space passed over in any time is directly proportional to the 
time multiplied by the velocity. 

These general theorems, concise as they are, embody a vast fund of 
miefiil information in regard to mechanical science, and in order to render 
their application as clear and intelligible as possible, we shall resolve a few 
questions by way of illustration. 

Example I. Suppose that one body contains 25 times the matter that 
another body contains, and let the lesser body move 1000 times faster than 
the greater body ; what will be the relation or proportion of their momenta? 

Here it will be instantly perceived, that the solution of the question 
depends on the second of the general analogies given above, for in that the 
data and incognito of the question are involved ; the proportional quantities 
of matter and proportional velocities are given, and the proportional 
momenta required ; the process indicated is therefore as follows, viz. : As 
the greater body multiplied into its velocity, is to the lesser body multiplied 
into its velocity, so is the ukomentum of the greater body, to that of the 
lesser body. 

25x1 : 1 xiooo::i : 40. 

It therefore appears that the lesser body must move with a force 40 
times greater than the greater body, or, in other words, the momenta are 
as 1 to 40. 

Example 2. Suppose a body of 20 lbs. weight to be impelled by such a 
force as will carry it through a space of 100 feet in one second of time, 
with what velocity would a body of 8 lbs. weight move if it were urged by 
the same force ? 

In this example we are to consider the momentum as being the same in 
both bodies, in which case, that term in the second analogy will be denoted 
by unity, and the velocity will then be inversely as the body or quantity of 
matter; hence we have 8 : 20 : : 100 : 250 ; so that the velocity of the lesser 
body to produce the same effect as the greater must be 250 feet per second. 

Example 3. Suppose one body to move 40 times faster than another, 
but the swifter body has been in motion only one minute, whereas the 
slower body has been in motion two hours ; what is the ratio of the spaces 
described by the two bodies, and what is the space described by the slower 
body, supposing that described by the swiilcr to be 220 feet ? 

Here we have given the proportional velocities and the proportional 
times to find the proportional spaces ; the solution of the question will 
therefore be found by the third general analogy, since that includes the 
terms of velocity, time, and space. The process indicated by the analogy 
is as follows, viz. : As the greater velocity multiplied by its time, is to the 



/ lesser velocity multiplied by its time, so is the space passed over by the 
swifter body, to the space passed over by the slower. 

Here the velocities are as 40 to 1 and the times as 120 to 1, there being 
120 minutes in two hours ; the ratio of the spaces must therefore be as 
40 X I to 1 X 120, or as 1 to 3 ; that is, the space passed over by the swifter 
motion is to that passed over by the slower as 1 to 3 ; but the space 
passed over by the swifter body in one minute is 220 feet, consequently the 
space passed over by the slower body in two hours is 660 feet 

Example 4. If one body moves with 5 times the velocity of another 
body, and by so doing passes over 10 miles for the other's one ; what is the 
ratio of the times that the bodies have been in motion ? 

This question is also resolved by the third general analogy, where the 
time is proportional to the space divided by the velocity : thus we have 
y^ : {, or the times are as 2 to 1 ; that is, the swifter body has been in 
motion twice as long as the slower body. In this way may any other 
question respecting uniform motions be resolved, so that the reader will 
see how important it is to possess a knowledge of the principles contained 
in the above general propositions or analogies. We now proceed to the 
consideration of constant and uniform forces. 

GENERAL LAWS OF CONSTANT FORCES. 

The quantity of motion, or the momentum generated by a constant and 
uniform force acting for any time, is proportional to the force multiplied 
by the time. For let us conceive the time to be divided into a great' 
number of indefinitely small elementary parts, then will the momentum 
generated in each part be the same, and consequently the whole momentum 
will be proportional to the whole time of acting, or to the sum of the 
indefinitely small elementary parts into which it is supposed to be divided. . 
But the momentum for each small portion of time is proportional to the 
force that produces it; and consequently the whole momentum is pro- 
portional to the force and time of acting. Hence it follows conversely, 
that the quantity of motion or the momentum lost or destroyed in anytime, 
is also proportional to the force and time of acting ; this is evident, for 
whatever momentum or quantity of motion is generated by a given force 
in a given time, the same momentum or quantity of motion will be destroyed 
in the same time by an equal and opposite force. Consequently, when any 
constant and uniform force acts for a given time, the velocity generated or 
destroyed in that time is proportional to the force multiplied by the time 
and divided by the body or quantity of matter put in motion. 

When bodies are urged by constant and uniform forces acting for given 
times, the spaces passed through during those times are proportional to the 
forces multiplied by the squares of the times and divided by the mass or 
quantity of matter ; or the spaces are proportional to the squares of the 
times when the forces and bodies are given. But when the force and 
quantity of matter are given, the space is proportional to the time multiplied 
by the velocity, for the space actually passed through is equal to half the 
time of descnption multiplied by the velocity : consequently, the space 
that is actually described by a constant and uniform force in any given 
time is just half what would be described with the acquired velocity con- . 
tinned uniformly during that time. The space described in any given time 
by a constant and uniform force acting during that time is proportional to 
the square of the velocity. This is evident, for the velocity is proportional 
to the time ; and we have shown that when the force and quantity of matter 
are constant, the space is proportional to the square of the time, and con- 
sequently proportional to the square of the velocity, for the velocity is pro- 
portional to the time. 

From the principles here specified in reference to constant forces, com- 
bined with those in the foregoing class in regard to motion, we are enabled 
to deduce rules for resolving all questions relating to motions uniformly 
accelerated ; but in order to render the references more distinct, we here 
collect the principles on which all the processes of computation depend ; 
and it is only for the reader to select that which is appropriate to the 
solution of the question in hand. The general principles that involve the 
doctrine of uniform and constant forces are as follows. 

1. The momentum or quantity of motion is proportional to the body or 
mass multiplied by the velocity. 

2. The momentum or quantity of motion is proportional to the force 
multiplied by the time of acting. 

3. The space described is proportional to the time multiplied by the 
velocity. 

4. The velocity is proportional to the force multiplied by the time and 
divided by the body or mass. 

These are the general analogies which exhibit the combinations of data 
sufficient to resolve all the ordinary questions, respecting accelerated 
motion. They do, however, in certain cases, require modifications to suit 
them for the purpose in hand : but as it is contrary to our plan to pursue 
the several steps of transposition, substitution, &c., we l^ve that to be 
performed by the operator ; it is, however, presumed that the cases in which 
it will be necessary are very few. The following are the terms that enter 
the general analogies : — 

1. The body^ mass, or quantity of matter, moved. 

2. The motive force or agent by which it is put in motion. 

3. The time the motive force or agent continues to act 

4. The velocity generated during Uie time of action. 
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5. The QMce described by the body during the ame the force acts. 

6. The wiomentMM or quantity of motion generated at the end of the time. 
With these elements and the four analogies above specified can every 

pirticiilar respeeting constant and uniform forces be ascertained. 

IJLW8 OV FALLINO BODIES. 

Before we proceed to illustrate the application of the foregoing principles 
«nd analogies by the resolution of particular numerical examples, it becomes 
necessary to say a few words on the laws of gravity, or that force by 
which bodies descending in free space have a tendency to approach the 
earth in right Imes directed to its centre. This force is general, and 
pervades all nature ; it is also uniform, and constantly of the same intensity 
at all places near the earth's sur&ce, or at equal distances from its central 
point: consequently, bodies descend towards the earth by a force that 
acts constantly and equally, and hence it follows that all the theorems and 
proportions that we have given abore for constant or uniform forces are 
equally true with respect to the motions of bodies descending by the power 
of gravity, or the law of aocelerated motion in falling bodies. 
Gaulbo was the first who directed the attention of philosophers to the 
existence of a gravitating power in bodies, but it was reserved for Sir 
Isaac Newton to detect the laws of its operation and to demonstrate its 
nniversality. By the labours of Newton we are put in possession of the 
fiict, that, by the force of gravity, all bodies, whether light or heavy, fall 
perpendicularly through equal spaces in equal times, supposing the motions 
to be made in vacuo. Thus, for instance, a piece of gold or a little 
gossamer will fidl from the top to the bottom of an exhausted receiver in 
the very same space of time, and so will a piece of lead and a feather, the 
relative weights of bodies having no influence whatever in facilitating the 
descents in free space, the difference of motion that we observe to take | 
place in bodies fUling through the air being occasioned solely by the 
resistance which they meet with from that fluid in their descent Such, 
then, is the nature of gravity ; and it has been found b^ numerous very 
delicate and accurate experiments that the velocities acquired by bodies in 
descending f^ly by their own weight are directly proportional to the times 
of descent ; that is, a body will acquire twice the velocity in fulling tvro 
seconds that it will acquire in one second, and in three seconds the velocity 
will be triple what it is in the first Another and a very important law of 
&lling bodies discovered by experiment is, that the spaces described or 
'£iUen through in any time are directly proportional to the squares of the 
times of descent ; but the velocities are as the times, consequently the 
spaces described are directly proportional to the squares of the velocities : 
it therefore follows that the weights, or gravities of bodies are proportional 
to the quantities of matter which they contain, and that the spaces, times, 
and velocities have to each other the relations that we have attributed 
to constant or uniform forces in the foregoing general theorems and 
analogies. 

If a heavy body be thrown directly upwards, with the same velocity 
which it acquires in falling from a given height, it will lose all its motion 
in the same interval of time that it occupied in descending to acquire the 
velocity of projection, and it will ascend to precisely the same height from 
which It fell to acquire the said velocity. It will moreover describe equal 
spaces in equal times both in falling and rising, but in a reverse order ; and 
it will have equal velocities at any particular point in the line of direction, 
whether the motion be upwards or downwards. This is obvious, for the 
same active force wUl generate or destroy the same quantity of motion in 
the same interval of time. In ascending above the surface of the earth 
the force of its attraction diminishes as the distance from the centre in- 
creases, and the law of diminution is inversely as the square of the distance 
f^m the central point, so that if a body were carried to a height equal to 
half the diameter of the earth above its surface, it will only be attracted 
with one fourth of the force with which it is attracted at the surface ; thus 
bodies in ascending lose part of their weight. In like manner, the force of 
attraction in bodies situated within the earth or beneath its surface dimi- 
nishes as the distance fh)m the centre diminishes, so that the force of 
attraction or gravitation is directly proportional to the distance from the 
central point ; hence it follows, that a body situated midway between the 
centre and surface, will gravitate with only half the force ; it therefore 
appears that the force of attraction or gravitation is a maximum at the 
surfoee. It is also found by experiment that the force of attraction is 
slightly different at different parts of the earth's surface, being greatest at 
the poles and least at the equator : this arises from two causes, viz., from 
the spheroidal figure of the earth, and from the centrifugal force arising 
from its rotation on its axis : but in all places to which we have access, 
and for all practical purposes, the effects of these causes may be wholly 
overlooked, and the action of gravity may be considered uniform, and con- 
stantly the same, as we have already stated it to be at the opening of this 
discussion. * 

The force or intensity of gravity in the latitude of London is such, that 
m body descending freely by its own weight falls through a space of 
nxteen feet and one inch, or IG]*, feet in one second of time, and at the end 
of one second it has acquired a velocity which, if uniformly continued, 
would carry it through a space of thirty-two feet two inches, or 32j feet in 
the next second of time, and this velocity is conventionally assumed by 
fliathematicians as the measure of the power of gravity, and, being constant. 



it becomes an element of calculation in all our inquiries relative to the 
motions and effects of constant or uniform forces. 

Since the velocities are directly proportional to the times of falling fi*om 
rest, and the spaces described as the squares of the times, or the squares of 
the velocities; then, as one second of time is to any number of seconds, so 
is the measure of the power of gravity to the velocity acquired. As the 
square of one second is to the square of the number of seconds, so is the 
space fkllen in one second to the space described. And fVom these general 
analogies, combined with the standard experimental numbers, we deduce 
the following equations relative to the descents of gravity, and, since they 
are of very great use in mechanical calculations, we shall be somewhat par- 
ticular in their discussion, the space described being always expressed in 
feet and the time in seconds. 

Hie space described by a falling body in any time is equal to the square 
of the time, multiplied by the descent in one second ; or it is equal to the 
square of the velocity divided by twice the measure of the power of gravity, 
or one half the time multiplied by the velocity. From the first of 'these 
equations the space descended is determinable from the time ; by the second 
it is found fh>m the velocity ; and by the third, it is assignable from the 
time and velocity conjointly. The second of these forms is one of very 
frequent occurrence, and to it we particularly direct the reader's attention, 
as it will be often employed in the course of the present work. 

T7ie velocity acquired by a falling body in any time is equal to the mea* 
sure of the power of gravity, multiplied by the time, or it is equal to twice 
the space divided by the time, or the square root of twice the measure of 
the power of gravity multiplied by the space fallen in the given time 

The time of descent in falling bodies is equal to the velocity acquired, 
divided by the measure of the power of gravity ; or it is equal to twice the 
space divided by the velocity, or the square root of the whole space fallen, 
divided by the fall in one second. From these equations several others 
might be deduced relative to the space fallen in one second, but as they are 
less useful in calculations than those expressed above, we shall not trouble 
our readere with them. 

Since the times of falling are directly proportional to the generated 
velocities, and the spaces described proportional to the squares of both the 
times and velocities, that is, proportional to the squares of either of them ; 
it follows, that if the times of descent be represented by the series of con- 
secutive numbers, 1*, 2", 3*, 4" &c., the corresponding velocities at the end 
of the times will be respectively represented by 32 J, 64 J, 964, 128J &c. feet 
per second, while the spaces described at the end of each second are ex- 
pressed by the numbers 16-^ 481, 80^ H^i^ ^<^* ^^^^> *^^ ^^^ spaces 
described in the whole times from the beginning of the descent are 16^ 
64J, 144^, 257J &c feet respectively. The generation of these numbers is 
very easily understood ; thus, in the first interval, or second of time, the 
force of gravity carries the body through a space of 16^ feet, and in that 
time it generates a velocity such as, if uniformly continued, would describe 
twice the space, or 32^ feet in the next second or interval, independently of 
the action of gravity ; but the force of gravity still continuing to act with 
the same intensity as in the first interval, it will manifestly urge the body 
through an equal space, and this is in addition to that described by the 
uniform motion of 32) feet ; so that the whole space generated in the 
second interval is 32) + 16-^=48^; that is, 32) described uniformly, and 
IC^j described by the force of gravity: consequently, the entire space 
described during the first and second intervals is equal to the sum of the 
spaces described in these intervals considered separately; that is, IB-^^ 
48^—64) feet Again, at the end of the second interval, the body has 
acquired a velocity such as, being uniformly continued, would carry it 
through a space of 64) feet in the third interval or second of time, in- 
dependently of the power of gravity : but since gravity still continues to 
exert itself with the same constant intensity, it will urge the body through 
a space of 16^ feet in addition to that described by the constant velocity , 
and consequently the entire space described in the third interval by the 
force of gravity and the uniform velocity conjointly is 16t^ + 64A = 80^ feet 
and the total space described in the three intervals that have elapsed since 
the beginning of the motion must be equivalent to the sum of the spaces 
described in each of them separately ; that is, 16^^, + 48^ + 80^5= 144^ feet 
By punning a similar mode of reasoning for the successive intervals m the 
series the manner in which the velocity of a falling body is generated 
will be rendered intelligible, and the beautiful law of gravity, which 
exercises such an extensive influence in the material world, will be clearly 
comprehended. The following table exhibits the velocities acquired 
in each second, the spaces described in each second, and the total spaces 
described from the beginning of the motion to the end of each second. 

Space described. Total Space. 
feeL feet. 

Velocity acquired in the first interval 32) feet 16^ 16^] 

second 64) 48^ 64) 

third 96) 80^, 144J 

fourth 128| 112,^ 257) 

fifth 160| 144^ 402tI, 

sixth 193 177t<, 579 

seventh 225) 209J 78S^, 

eighth 257) 24li 1029) 

ninth 289) 273^ 1302J 

&c. &c. &c. &c. 
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This table might obviously be carried on to any extent ; but what we 
have here set down will enable the attentive reader to trace every particular 
respecting the times, spaces, and velocities of bodies descending perpen- 
dicularly by the power of gravity. We shall therefore now proceed to 
illustrate the application of these principles and laws to practice, by resolving 
a few numerical examples. 

Example 1. Suppose a leaden bullet which weighs 24 lbs. to be let fall 
from a height of 404 feet, which corresponds to the height of St. Paul's 
Cathedral ; with what velocity will the ball strike the ground, and what will 
be the momentum or force of impact ? 

In this example we have given the space, the force, and the body or mass, 
and wish to find the velocity, and the momentum. Here it is manifest 
that the force implied in the question is the power of gravity, and the body 
or mass is the weight of the ball ; but we have shown that the squares of the 
velocities are as the spaces fallen ; it therefore follows, that, 

16^:(32i)2::404 : 25990j, 

and by extracting the square root, we get -v/259905 = 161*2l6 feet per 
second, the velocity sought But by the first of our general analogies for 
constant or uniform forces, the momentum is proportional to the mass mul- 
tiplied by the velocity ; consequently, we have 161-216 x 24=3869-184lb8., 
for the momentum or force of impact It will readily be perceived that 
this case applies to the operation of the pile engine, for we have given the 
weight of the ram and the height of the fall to determine the vehemence of 
the stroke or the force of impact ; and in applying the general analogies which 
we have given for constant or uniform forces to the determination of the 
velocity m this example, we have to consider the force and the mass of 
body, as constant or given quantities, as they are in reality ; they may there- 
fore be left out of the expression altogether, so that the space is simply pro- 
portional to the square of the velocity ; but in falling bodies, the space 
descended in one second is 16t^ feet, and the velocity generated in that 
time is 32J feet ; these quantities therefore become constants of comparison 
in all cases of a similar nature : hence the reason of the above process. 
. But it may here be remarked, that precisely the same result would be 
obtained by adopting any other pair of corresponding numbers in the pre- 
ceding table. 

Example 2. Suppose a stone to be let fall from a height of 400 feet ; in 
what time will it reach the ground, and what will be the momentum or force 
of impact, the weight of the stone being 336 lbs. ? 

Here we have given the weight of the body, and the space which it 
describes, to find the time of falling and the momentum acquired. In 
finding the time of descent, the weight of the body does not enter into the 
investigation ; for, as we have already stated, all bodies, whether light or 
heavy, fall through «qual spaces in equal times. Therefore, by seeking for 
the solution from our general analogies, we must consider the body and the 
force, which are constant, to be expunged from the expression, a condition 
that will lead us immediately to the principle of falling bodies, that the 
spaces are directly projtortional to the squares of the times : now, the space 
fallen in one second of time is 1 6^, feet ; therefore we have, 

16t»3 : !«:: ^^^ • 24-87, 
the square of the time of descending 400 feet, and the square root of this 

is a/24'87 =4*987.*', the time required. Now, in order to find the momentum 
or force of impact, it is necessary to calculate either the force or velocity ; 
but the velocity being the most easily determined after the manner of the first 

example, it will be preferable to employ it ; we therefore get v'64j x 400 x 
336 » 539001 lbs. the momentum sought 

Example 3. Suppose a stone to be dropped from the top of a tower and 
left to descend freely by means of its own gravity ; what is the height of 
the tower, if the stone strike the ground at the end of the fourth second? 

In this example we have given the time and the force to find the space ; 
in order, therefore, to resolve the question by our general analogies, we 
roust consider both the force and the mass to l>e constant, and, by expunging 
them from the expression, we arrive at that case of falling bodies in which 
the space is directly proportional to the square of the time. Now, the 
space fallen in one second is 16i!3 feet ; hence we have 1*2 : I6V5 :: 4* ; 
2571 ^^^^^ wliich is the space described by gravity in four seconds, accord- 
ing to the foregoing table of times, spaces, and velocities. 

Example 4. I^et every thing remain as in the foregoing question, with 
what velocity does the stone impinge upon the ground, and what is the 
momentum or force of impact, supposing the stone to weigh 112 lbs. ? 

Here we have given the time, body, and force, to determine the velocity 
and momentum. Therefore, in seeking the solution by the general analo- 
gies we must suppose the body and force to be constant, and by expunging 
them from the expression in which they are found in combination with the 
time, we obtain the very simple case of falling bodies, that the velocity is 
directly proportional to the time of descent Now the velocity acquired 
by gravity in one second is 32 J feet : hence we have i" : 32J^ :: 4" : 128§ 
feet, the velocity sought as is manifest also from the foregoing table. But 
the momentum is equal to the mass drawn into the velocity- ; hence it is 
128J X 112 b: 14421^ lbs., the momentum required. 

Example 5. If a stone dn)pped from the summit of a tower be observed 
to strike the ground with a velocity of 120 feet per second ; it is required 
to determine the height of the tower, the time of descent, and the momen- 
tum or force of unpact ? 



Here we have given the motive or moving force, which is gravity, the 
body or mass, and the velocity, to find the space described, the time of 
descent, and the momentum. Supposing the mass and the motive force to 
be constant, they are expunged ftom the expression, and we are led to the 
fact that the spaces described are directly proportional to the squares of 
the velocities ; and as the velocity acquired by gravity in one second is 32| 
feet, and the space fallen is 16|^ feet, while the given velocity is 120 feet : 
we have 32^^ : 16^ :: 120« : 223.834 feet, the height required. In like 
manner, by seeking the time fVom the general analogies, we have only to 
expunge the motive force and the body considered as constant, and we are 
led to the case in which the velocities are simply proportional to the times 
in which they are generated ; hence we have 32^ : 1" : : 120 : 3^", the 
time of descent sought. But the terminal velocity is given by the question \ 
hence the momentum or quantity of motion is 120 x 56 » 6720 lbs. 

It would occupy too much space to illostrate every combination of data 
comprehended in the theory here set forth ; those cases which we have 
exemplified are the most important in practice, and the method we have 
shown of applying them will, if properly attended to, guide the reader to 
the reduction of any other case that is likely to occur in inquiries connected 
with the steam en^ne. Yie have not, however, in any of the examples, 
exhibited the actual reduction of the analogy, by which the answer is de- 
termined ; but since the finding of the space descended involves a somewhat 
more complex operation, we shall here show the method of performing it :— 

- 8-492094 
S 



Velocity acquired by gravity in one second, 824 ar. co. log.* 



Space descended in one second by gravity, 16|^ 
Velocity with which the stone strikes the ground, 190 

Nat. num. or height (kllen through 2^*834 feet 



6985188 
- log. 1*306876 
Sxlog. 4- 158362 



sum of the logs. 3849926 



From the examples here selected and resolved, the reader will perceive 
the very great importance of a familiar acquaintance with the doctrine of 
impulsive and constant or uniform forces, which, together with the laws of 
gravity just discussed, enter more or less into all mechanical inquiries. 

COMPOSITION and RESOLUTION OF MOTION AND FORCES. 

A body will describe the diagonal of a parallelogram by the action of 
two several forces combined, in the same time that it would describe one 
or other of the sides, by one or other of the forces separately considered. 

Let A B C D, fig, 26, be a parallelogram, of which the diagonal is A D ; 
then if a body at A be acted on separately by two forces in the directions 



Fig. 26. 




A B and A C, which would cause the body to be carried through the 
spaces A B and A C in the same time, then both forces acting at once 
will cause the body to be carried through the diagonal A D of the paral- 
lelogram. For, let the straight line A C be supposed to move from the 
position AC, in a direction always parallel to itself; whilst the body at A 
moves along the line A C in such a manner as to arrive at the point 6, 
when A C coincides with a c. Then since the lines A B and A C are de- 
scribed in the same time, and A a and A b are also described in the same 
time ; and since the motions are uniform, Aa:a6::AB:BD, and 
therefore A 6 D is a straight line coinciding with A D the diagonal of the 
parallelogram. The magnitude of the three forces acting in the directions 
A B, AC and A D ; that is the magnitude of the foroes acting in the 
directions of the sides and the diagonal of a parallelogram, are respectively 
proportional to those sides and diagonal, or proportional to the lines A B, 
A C and A D. Any single force A D, denoted by the diagonal of a 
parallelogram, is equivalent in magnitude to two forces denoted by the 
side A B and A C ; that is, a single force acting in the direction of the 
diagonal A D, and having its magnitude proportional thereto, produces the 
same effect as two forces acting in the directions of the sides A B and 
AC, and having their magnitudes proportional thereto. Consequently, 
any single force A D may be resolved into two forces an infinite number 
of ways by drawing any two lines A B and A C to represent their magni- 
tudes and the directions m which they act The operation of finding a 
single force that shall produce the same effect as two or more forces, 
whose magnitudes and directions are given, is called the ComposUum of 
Forces. 

* The contracted wordi, ** ar. co. log.." mean simply the arithmetical complement of the 
logarithm, or the logarithm of the given number subtracted from 10. The use of it aroids 
the trouble of subtracting the fir^t logarithm from the sum of the other two, as it is ne- 
cessary to do in worlcing out the proportion. 
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The coDTerae of this, or the operation of finding two or more forces 
irhose effects shall be equivalent to a single given force, is called the Beso- 
UtiiM of Forces ; the single force being called the ResultanU and the other 
forces to which the Resultant is equivalent, are called the Composants, The 
figure A B D C by which the composants and resultant are expounded is 
called the PandUhgram ofForces^ 

If three forces acting at a material point in a body keep each other in 
equilibrio, they will have to each other the proportions of the three sides 
of a triangle ^wn parallel to the lines of their directions. And if three 
forces acting against each other maintain an equilibrium, these forces will 
be respectively proportional to the three sides of a triangle drawn perpen- 
dicular to the lines of their directions, or making any given angle with 
them on the same side. If three forces acting at a material point of a body 
keep one another in eqnilibrio, they will be respectively proportional to the 
sines of the angles made by the mutual concourse of the lines of their 
directions. If any number of forces acting against one another are kept in 
equilibrio by their mutual actions, they may all be reduced to two equal 
and opposite ones. For by composition any two of the forces may be re- 
duced to a single one acting in the same plane ; and this last force may be 
compounded with any of the remaining forces, so that their resultant may 
also act in the same plane with them, and this again may be compounded 
with another, and so on, until the whole system is at last reduced to the 
action of two equal and opposite forces. «i 

If three forces sustain one another in equilibrio by their mutual actions, 
the line of direction of each force will pass through the point of concourse of 
the directions of the other two. And if two forces to be compounded act in 
the same line, either both the same way or the one directly opposite the 
other, then their resultant will act in the same line also, and it will be 
equal to the sum or the difference of the composants, according as they act 
in the same or opposite directions. The above properties hold true of all 
similar forces, whether they be instantaneous or continual, or whether 
they act by impulse or percussion, by pressing, weighing or poshing ; and 
we must commend the subject to the attention of our readers as one of 
much importance in all mechanical inquiries. 

COLLISION OF BODIES. 

Ir a body impinge or act against a plane surface, it exerts its force in a 
direction perpendicular to the surface on which it acts. Let the body at 

A/^.27.), moving in the direction AB with 
a given velocity, impinge upon a hard and 
solid body at fi ; it is proposed to show that 
the body at A acts on the plane PL in a di • 
rection at right angles to its surface. Let 
the straight line A B represent the magnitude 
and direction of the force with which the 
body strikes the plane, and AB be resolved 
^- ^' into the two forces AC and BC, the one of 

them in a direction parallel to the plane, and the other perpendicular to it ; 
then it is evident that the force AC, which is parallel to the plane, can 
have no effect upon it; and, consequently, the body or plane PL is only 
acted on by the force in the direction CD, which is perpendicular to its 
surface. Hence, if one body impinges on another body with a given velo- 
city, the magnitude or intensity of the stroke or force of impact is directly 
proportional to the sine of the angle of incidence, or the angle in which the 
direction of the body meets the plane. This is evident, for the actual force 
b represented in magnitude and direction by AB, and the force acting on 
the saiface is CB ; but CB is the sine of the angle BAC to the radius AB, 
and BAC is equal to ABL, the angle in which the line of direction meets 
the plane. 

If an ehistic body A impinge on a hard and elastic plane PL, the angles 
of incidence and reflection arc equal to one another. For if A D be parallel 
to PL, the motion of A, parallel to the plane, is not at all afi'ected by the 
stroke ; and in consequence of the elasticity of one or both bodies, the body A 
is reflected back to D in the same time that it moved from A to B. AC is 
equal to CD, being described in equal times; consequently the angle ABC 
b eqoal to the angle DBC, and the angle ABL is equal to the angle DBP. 
Ii a non-elastic body impinge on another non-elastic body, it loses only 
half the motion that would be lost if the bodies were clastic. I'his is clear, 
for non-elastic bodies only stop without rebounding or receding from one 
another, but elastic bodies recede with the same velocity. 

The sum of the motions of two or more bodies in any direction towards 
the same parts cannot be influenced or changed by the action of the bodies 
on each other. If any two bodies move the same way, since action and re- 
action are equal and contrary, what the one loses the other gains, and con- 
sequently the sum of the motions remains the same as before, and the same 
thmg holds true if there were more than two bodies. When bodies strike 
each other obliquely, they act on each other in a direction perpendicular to 
the Burfiiee acted on ; and consequently, by the law of action and re-action, 
there b no change produced of that direction. But in a direction parallel 
to the sarfiu^ struck, the bodies have no effect on each other, therefore the 
motion is not altered in that direction, and consequently the motions remain 
the same in any one line of direction. 

Motion considered in one direction can neither be increased nor decreased, 
hat moat constantly remain the same under all circumstances. This follows 




immediately fh)m what has just been stated, for whatever motion is gained 
by one body by addition is lost to the other body by subtraction, and con- 
sequently the sum total of the two motions remains the same as before. The 
principle here enunciated, however, does not hold with regard to motions 
in all directions, for in this case motions may be increased and decreased 
an indefinite number of ways ; thus, if two equal non-elastic bodies meet 
each other, both their motions are destroyed by the stroke : here, at the 
beginning of the movement, they had both of them a certain quantity of 
motion estimated in contrary directions, but on meeting each other both 
their motions are destroyed. 

The motions of bodies included in a given space are the same with respect 
to each other, whether that space stands still or moves uniformly in a right 
line. For if any body be moving in a right line, and if any force be equally 
impressed upon both the body and the line in which it moves, this will pro- 
duce no change in the motion of the body along the straight line, and for 
the same reason the motions of all the other bodies in their respective direc* 
tions will aUo remain the same ; consequently, the motions of the bodies 
amongst themselves will still be the same, whether the space by which they 
are included be at rest or moving uniformly in a straight line, their mutoiu 
actions on one another remaining the same in both cases. 

CENTRE OF ORAVITT. 

TTie centre of gravity of a body is that point within it which continually 
endeavours to gain the lowest possible situation ; or it is that point on which 
the body, being freely suspended, will remain at rest in all positions. The 
centre of gravity of a body does not always exist within the matter of 
which the body is composed, there being bodies of such forms as to pre- 
clude the possibility of this being the case, but it must either be surrounded 
by the constituent matter, or so placed that the particles shall be symme- 
trically situated, with respect to a vertical line in which the position of the 
centre occurs. Thus, the centre of gravity of a ring b not in the substance 
of the rin^ itself, but if the ring be uniform it will be in the axis of its 
circumscribing cylinder ; and if the ring varies in form or density, it will 
be situated nearest to those parts where the weight or density b greatest. 
Varying the position of a body will not cause any change in the situation 
of the centre of gravity ; for any change of position the body undergoes 
will only have the effect of altering the directions of the sustaining forces, 
which will still preserve their parallelism. When a body is suspended by 
any other point than its centre of gravity, it will not rest unless that 
centre be in the same vertical line with the point of suspension ; for in 
every other position the force which is intended to ensure the equilibrium 
will not directly oppose the resultant of gravity upon the particles of the 
body, and of course the equilibrium will not obtain ; the directions of the 
forces of gravity upon the constituent particles are all parallel to one 
another and perpendicular to the horizon. If a heavy body be sustained 
by two or more forces, their lines of direction must meet either at the 
centre of gravity, or in the vertical line in which it occurs. 

A body cannot descend or fall downwards, unless it be in such a posi- 
tion that by its motion the centre of gravity descends. If a body stands 
on a plane, and a line be drawn perpendicular to the horizon, and if this 
perpendicular line fall within the base of the body, it will l>e supported 
without falling ; but if the perpendicular falls without the base of the body 
it will overset For when the perpendicular falls within the base the body 
cannot be moved at all without raising the centre of gravity ; but when the 
perpendicular falls without the base towards any side, if the body be moved 
towards that side, the centre of gravity will descend, and consequently the 
body will overset in that direction. Lf a perpendicular to the horizon fh>m 
the centre of gravity fall upon the extremity of the base, the body may 
continue to stand, but the least force that can be applied will cause it to 
overset in that direction ; and the nearer the perpendicular is to any side 
the easier the body will be made to fall on that side, but the nearer the 
perpendicular is to the middle of the base the firmer the body will stand. 
If the centre of gravity of a body be supported, the whole body b supported, 
and the place of the centre of gravity must be considered as the place of 
the body, and it is always in a line which is perpendicular to the horizon. 

In any two bodies, the common centre of gravity divides the line that 
joins their individual centres into two parts that are to one another recipro- 
cally as the magnitudes of the bodies. The products of the bodies multiplied 
by their respective distances from the common centre of gravity are equaL 
If a weight be laid upon any point of an inflexible lever which b supported 
at the ends, the pressure on each point of the support will be inversely as 
the respective distances from the point where the weight is applied. In a 
system of three bodies, if a line be drawn from ihe centre of gravity of any 
one of them to the common centre of the other two, then the common centre 
of all the three bodies divides the line into two parts that are to each 
other reciprocally as the magnitude of the body ^om which the line is 
drawn to the sum of the magnitudes of the other two ; and, consequently, 
the single body multiplied by its dbtance from the common centre of 
gravity is equal to the sum of the other bodies multiplied by the dbtance 
of their common centre from the common centre of the system. 

If there be taken any point in the straight line or lever joining the centres 
of gravity of two bodies, the sum of the two products of each body mul- 
tiplied by its distance from that point b equal to the product of the sum 
of the bodies multiplied by the distance of their common centre of gravity 
from the same point The two bodies have, therefore, the same tendency 
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to turn the lever about the assumed point, as if they were both placed in 
their common centre of gravity. Or, if the line with the bodies moves 
about the assumed point, the sum of the momenta is equal to the momentum 
of the sum of the bodies placed at their conmion centre of gravity. The 
same property holds with respect to any number of bodies whatever, and 
also when the bodies are not placed in the line, but in perpendiculars to it 
passing through the bodies. If any plane pass through the assumed point, 
perpendicular to the line in which it subsists, then the distance of the 
conmion centre of gravity of all the bodies from that plain is equal to the 
sum of all the momenta divided by the sum of all the bodies. We may 
here specify the positions of the centre of gravity in several figures of 
very frequent occurrence. 

In a straight line, or in a straight bar or rod of uniform figure and density, 
the position of the centre of gravity is at the middle of its length. In the 
plane of a triangle the centre of gravity is situated in the straight line 
drawn from any one of the angles to the middle of the opposite side, and 
at two thirds of this line distant from the angle where it originates, or one 
third distant fh)m the base. In the sur&ce of a trapezium the centre of 
gravity is in the intersections of the straight lines that join the centres of 
the opposite triangles made by the two diagonals. The centre of gravity 
of the surface of a parallelogram is at the intersection of the diagonals, or 
at the Intersection of the two lines which bisect the figure from its opposite 
lides. In any regular polygon the centre of gravity is at the same point 
as the centre of magnitude. In a circular arc the position of the centre 
of gravity is distant from the centre of tiie circle by the measure of a fourth 
proportional to the arc, radius, and chord. In a semicular arc the posi- 
tion of the centre of gravity Is distant from the centre by the measure of 
a third proportional to the arc of the quadrant and the radius. In the 
-sector of a circle the position of the centre of gravity is distant fVom the 
centre of the circle by a fourth proportional to three times the arc of the 
sector, the chord of the arc, and the diameter of the circle. In a circular 
segment the position of the centre of gravity is distant from the centre of 
the circle by a space which is equal to the cube or third power of the 
.chord divided by twelve times the area of the segment In a semicircle 
the position of the centre of gravity is distant from the centre of the 
circle by a space which is equal to four times the radius divided by the 
constant number 3*1416 x 3 s9'4248. In a parabola the position of the 
centre of gravity is distant fVom the vertex by three-fifths of the axis. 
In a semi-parabola the position of the centre of gravity is at the intersection 
of the co-ordinates, one of which is parallel to the base, and distant from it 
by two-fifths of the axis, and the other parallel to the axis, but distant from 
It by three-eighths of the semi-base. 

The centres of gravity of the sur&ce of a cylinder, a cone, and conic 
frustum, are respectively at the same distances from the origin as are the 
centres of gravity of the parallelogram, the triangle, and trapezoid, which 
are sections passmg along the axes of the respective solids. The centre of 
gravity of the surface of a spheric segment is at the middle of the versed 
sine or height. The centre of gravity of the convex surface of a spherical 
zone is at the middle of that portion of the axis of the sphere intercepted 
by its two bases. In prisms and cylinders the position of the centre of 
gravity is at the middle of the straight line that joins the centres of gravity 
of their opp(»ite ends. In pyramids and cones the centre of gravity is in 
the straight line that joins the vertex with the centre of gravity of the base, 
and at three-fourths of its length from the vertex, and one-fourth from the 
base. In a semisphere, or semispheroid, the position of the centre of gravity 
is distant from the centre by three-eighths of the radius. In a parabolic 
conoid the position of the centre of gravity is distant from the base by one- 
third of the axis, or two-thirds of the axis distant from the vertex. There 
are several other bodies and figures of which the position of the centre of 
jgravity is known; but as the position in those cases cannot be defined 
without algebra, we omit them* 

CENTRIPETAL AMD CENTRIFUGAL FORCES. 

Centred forces are of two kinds, centripetal and centrifugal. Centripetal 
force is that force by which a body is attracted or impelled towards a 
certain fixed point as a centre, and that point towards which the body is 
urged is called the centre of attraction or the centre of force. Centrifugal 
force is that force by which a body endeavours to recede from the centre 
of attraction, and from which it would actuallv fly off in the direction of a 
tangent if it were not prevented by the action of the centripetal force. 
These two forces are therefore antagonistic ; the action of the one being di- 
rectly opposed to that of the other. It is on the joint action of these two forces 
that all curvilinear motion depends. Circular motion is that affection of cur- 
vilinear motion where the body is constrained to move in the circumference 
of a circle : if it continues to move so as to describe the entire circle, it is 
denominated rotatory motion^ and the body is said to revolve in a circular 
orbit, the centre of which is called the centre of motion. In all circular 
motions the deflection or deviation from the rectilinear course is constantly 
the same at every point of the orbit, in which case the centripetal and 
centrifugal forces are equal to one another. In circular orbits the centri- 
petal forces, by which equal bodies placed at equal distances fh)m the 
centres of force are attracted or drawn towards those centres, are propor- 
tional to the qoantities of matter in the central bodies. This is manifest, 
for since all attraction takes place towards some particular body, every 



particle in the attracting body must produce its individual effect ; conse- 
quently, a body containing twice the (quantity of matter will exert twice 
the attractive energy, and a body containing thrice the quantity of matter 
will operate with thrice the attractive force, and so on according to the 
quantity of matter in the attracting body. 

Any body, whether large or small, when placed at the same distance from 
the centre of force, is attracted or drawn through equal spaces in the same 
time by the action of the central body. This is obvious fh>m the con- 
sideration that although a body two or three times greater is urged with 
two or three times greater an attractive force, yet there is two or three 
times the quantity of matter to be moved ; and, as we have shown elsewhere, 
the veloci^ generated in a given time is directly proportional to the force 
by which it is generated, and inversely as the quantity of matter in the 
moving or attracted body. But the force which in the present instance 
is the weight of the body is proportional to the quantity of matter which 
it contains ; consequently, the velocity generated is directly and inversely 
proportional to the quantity of matter in the attracted body, and is, there^ 
fore, a given or a constant quantity. Hence the centripetal force, or force 
towards the centre of the circular orbit, is not measured by the magnitude 
of the revolving body, but only by the space which it describes or passes 
over in a given time. When a body revolves in a circular orbit, and is 
retained in it by means of a centripetal force directed to the centre, the 
actual velocity of the revolving body at every point of its revolution is 
equal to that which it would acquire by frilling perpendicularly with the 
same uniform force through one-fourth of the diameter, or one half the 
radius of its orbit ; And this velocity is the same as would be acquired by a 
second body in falling through half the radius, whilst the first body, in 
revolving in its orbit, describes a portion of the circumference which is 
equal in length to half the diameter of the circle. Consequently, if a body 
revolves uniformly in the circumference of a circle by means of a given 
centripetal force, the portion of the circumference which it describes in any 
time is a mean proportional between the diameter of the circle and the 
space which the body would descend perpendicularly in the same time, 
and with the same given force continued uniformly. 

The periodic time, in the doctrine of central forces, is the time occupied 
by a bcxiy in performing a complete revolution round the centre, when that 
body is constrained to move in the circumference by means of a centripetal 
force directed to that point ; and when the body revolves in a circular 
orbit, the periodic time, or the time of performing a complete revolution, is 

expressed by the term v t v^, and the velocity or space passed over in 

the time t will be W«; in which expressions cf denotes the diameter 'of 
the circular orbit described by the revolving body, s the space descended 
in any time by a body falling perpendicularly downwards with the same 
uniform force, t the time of descending through the space s and w the 
circumference of a circle whose diameter is unity. If several bodies 
revolving in circles round the same or different centres be retained m 
their orbits by the action of centripetal forces directed to those points, the 
periodic times will be directly as the square roots of the radii or distances 
of the revolving bodies, and mversely as the square roots of the centripetal 
forces, or, what is the same thing, the squares of the periodic times are 
directly as the radii, and inversely as the centripetal forces. 

CENTRE OF GYRATION. 

The centre of gyration is that point in which, if all the constituent particles, 
or all the matter contained in a revolving body, or system of bodies, were 
concentrated, the same angular velocity would be generated in the same 
time by a given force acting at any place as would be generated by the 
same force acting similarly on the body or system itself according to its 
formation. 

The angular motion of a body, or system of bodies,' is the motion of a line 
connecting any point with the centre or axis of motion, and is the same in 
all parts of the same revolving system. 

In different unconnected bodies, each revolving about a centre, the 
angular velocity is directly proportional to the absolute velocity, and in- 
versely as the distance from the centre of motion ; so that, if the absolute 
velocities of the revolving bodies be proportional to their radii or distances, 
the angular velocities will be equal It the axis of motion passes through the 
centre of gravity, then is this centre called the principal centre of gyration. 

The distance of the centre of gyration from the point of suspension, or 
the axis of motion in any body or system of bodies, b a geometrical mean 
between the centres of gravity and oscillation from the same point or 
axis ; consequently, having found the distances of these centres in any 
proposed case, the square root of their product will give the distance of the 
centre of gyration. If any part of a system be conceived to be collected in 
the centre of gyration of that particular part, the centre of gyration of the 
whole system will continue the same as before ; for the same force that moved 
this part of the system before along with the rest will move it now without 
any change ; and consequently, if each part of the system be collected 
into its own particular centre, the common centre of the whole system will 
continue the same. If a circle be described about the centre of gravity of 
any system, and the axis of rotation be made to pass through any point of 
the circumference, the distance of the centre of gyration from that point 
will always be the same. 
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If ihe pniphery of a circle rerol're about in uii pueing through the 
Main, and at rigtit aBglea to ill plane, il il the tame thing u if dl the 
nittcr ««re delected into anjr nne point in the periphery. And moreoTer, 
tht pISM of a drcle or a disk containicg twice the quaatity of nutter at 
Ihe nid peripher]', and having the nnw dismeier, will in an equal time 
Mqnire the ume angalnr Telocity. If the matter of a revolviDg bodj 
vere actnally to be placed in the centre of gyration, it ought either to be 
arranged in the circamference. or in two points of the circumference 
diametrically opposite to each other, and eqiully distant th)m Uie centre 
of notion, for by thia means the centre of [notion will coiucide with the 
eentre of giBTitj, and the body will revolve without my lateral force on 
an^ ude. These are the chief properties connected with the centre of gy- 
niioo, and the following are a few of the coses in which its position has 
been ascertained. 

In a right line, or a cylinder of very small diameter revolving about one 
of its extremities, the distance of the centre of gyration from the centre of 
nrotiOQ is equal to the length of the revolving line or cylinder multiplied 
by the square root ot J. In the plane of a circle, or a cylinder revolving 
aboal the aiil. it is equal to the radius multiplied by the square root of 4- la 
the circnmference of a circle rerolving about the diameter it is equal to 
the ndiua mnltiphed by Ihe square root of j. la the plane of a circle re voIt- 
ing about the diameter it is equal to one half the radins. In a thin circu- 
lar ling revolving about one of its diameters as an axis it is equal to the 
radius multiplied by the square roatofi>In a solid globe reTolving about the 
diameter it is equal to the radios mnltiplied by Ihe square root off In 
(be sndace of a sphere revolving about the diameter il is equal to the 
radiiu multiplied by the square root of J. In a right cone revolving about 
the Kzia it is eqnal la the radins of the base multiplied by the square root 
of)t In all these esses the distance is estimated from the ceatrei)f ihe axis 
of motion. We shall have occaitlon to illustrate these principles when we 
come to treat of fly-wheels in the construction of the different parts of 
llam engines. 

When bodies revolving in the cin;nmferences of different circles are re- 
tained in their orbits by centripetal forces directed to the centres, the 
periodic times of revolution are directly proportional to the distances or 
radii of the circles, and inversely as the velocities of motion; and the 
periodic times, under lilie circumstances, are directly as the velocities of 
Botioii, and inversely as the centripetal farces. If the times of revolution 
are eqnal, the velocities and centripetal forces are directly as the distances 
or radii of the circles. If the centripetal forces are equal, the squares 
of Ihe times of revolulion and the squares of the velocities are M Ihe 
tistancei or radii of the circles. If the times of revolution are as the radii 
of the circles, the veloeitiea will be equal, and the centripetal forces reci- 
procally as the radiL 

If several bodies revolve in circular orbits round the same or different 
centres, the Telocities are directly as the distances or radii, and inversely 
M the times of revolution. The velocities are directly as the centripetal 
forces and the times of revolution. The squares of ihe velocities are propor- 
tional to the centripetal forces, and Ihe distances or radii of the circles. 
When the velocities are equal, the times of revolution are proportional to 
the radii of the circles in which the bodies revolve, and the radii of the 
drcle* are inversely as the centripetal forces. If the velocities be propor- 
tional to the distances or mdii of the circles, the centripetal forces will be 
In the same ratio, and the times of revolution will be equal. 

If several bodies revolve in circular orbits about the same or different 
eentre*. the centripetal forces are proportional to the distances or radii of 
Ihe circles directly, and inversely as the squares of the times of revolution. 
The centripetal forces are directly proportional to the velocities, and 
invenely as the times of revolution. The centripetal forces are directiy as 
the squares of the relocines, and inversely as the distances or radii of the 
dreles. When the centripetal forces are equal, Ihe velocities are propor- 
tional to the times of revolution, and the distances as Ihe squares of the 
time* or as Ihe squares of the velocities. When tiie central forces are pro- 
portional to the distances or radii of the circles, the times of revolution ore 
ti|naL If several bodies revolve in circular orbits about Ihe same or 
different centres, the raiUi of the circles are directly proportional to the 
centripetal forces, and the squares of the periodic times. The distances or 
ndii of the circles are directly as the velocities and periodic times. The 
distances or radii of the circles are directly as Ihe squares of the velocities, 
and tBCiprocallj as the centripetal forces. If the distances are equal, the 
eentlipetal forces are directly as Ihe squares of the velocities, and recipro- 
cally as the squares of the times of revolution ; the velocities alto are 
KciprDcaily as the times of revolution. The converse of these principles 
Md pmperti.'i are equally true ; and all that has been here stated in regard 
toeenlnpeUl forces is limilarly true of oentrifugolforoes, they being equal 
and contrary to each other. 

The qoanitties of matter in all attracting bodies, having other bodies 
Rvolving aboni them in circular nrbits. are proportional to the cubes of the 
distances directly, and to the squares of the limes of revolution reciprocully. 
Tho attractive force of a body is directly proportional to the quantity of 
Bntter, and inversely at the square of the distance. If the centripetal 
feree of a body revolving in a circular orbit be proportional to the distance 
from the centre, a body let fall from the npper extremity of the vertical 
diameter will reach the centre in the same time IhoC the revolving body 
teeribei one fiiurth part of the orbit. The velocity of the descending body 



at any point of the diameter is prttportional to the ordinate of the circle at 
that point ; and the time of falling through any portion of the diameter is 
proportional to the arc of the circumference whose versed sine is the space 
follrn through. All Ihe times of falling from any altitudes whatever to the 
centre of the orbit will be equal ; for these times are equal to one fourth of 
the periodic times, and these limes, under the specified conditions, are equal. 
The velocity of the descending body at the centre of the circular orbit it 
equal to the velocity of the revolving body. 

These are the chief prindples that we need consider regarding the 
motion of bodies in circular orbits; and from them we are led to the consi- 
deration of bodies suspended on a centre, and miule to revolve in a circle 
beneath the suspending point, so that when Ihe body describes Ihe circnm- 
ference of a circle, the string or wire by which it is suspended describes 
the surface of a cone. A body thus revolving is called a conical pendulum, 
and this species of pendulum, or, as it is usually termed, the gonfnior, is of 
great importance in mechanical arrangements, being employed to regulate 
the movements of sleam engines, waler-wheela, and other mechanism. As 
we shall have occasion to show the eonstruction and nse of this instrument 
when treating of the ports and proportions of engines, we need not do more 
at present than stale Ihe principles on which its action depends. We 
most, however, previously say a few words on Ihe properties of the simple 
pendulam, or [hot which, being suspended from a centre, is made to 
vibratii &om side to side in the same vertical plane. 



If a pendulum vibratei in tl small circular arc, the time of petfonning 
one vibration is to the time occupied by a heavy body in falling perpen- 
dicularly through half the length of the pendulum as Ihe circumference of 
a circle is to Its diameter. All vibrations of Ihe same pendulum made in 
very small ' circular arcs are made in very nearly the same time. The 
■pace described by a falling body in the time of one vibration is to half the 
length of the pendulum as the square of the circumference of a circle is to 
the square of the diameter. The lengths of two pendulums which by 
vibrating describe similar circular arcs are to each other as Ihe squares of 
Ihe times of vibration. TTie limes of pendulums vibrating in small circular 
arcs are as the square roots of the len^hs of the pendulums. The velocity 
of a pendulum at Ihe lowest point of its path is proportional to the chord 
of Ihe arc through which it descends to acquire that velocity. Pendulums 
of the same length vibrate in the same time whatever the weights may be: 
From which we infer, that all bodies near the earth's sniAce, whether they 
be heavj' or light, will foil through equal spaces in equal times, the resislance 
of the air not being considered. 

The lengths of pendulums vibrating in the same time in difierent positions 
of the eailh's surface are as the forces of gravity in those positions. The 
times wherein pendulums of the same length will vibrate by different forces 
of gravity are inversely as the square roots of the forces. The lengths of 
pendulums vibrating in diS'erenl places are as the forces of gravity at those 
places and the squares of the times of vibration. The times in which 
pendulums of any length perform their vibrations are directly as the square 
roots of their lengths, and inversely as the square roots of the gravitating 
forces. The forces of gravity at different places on the earth's surface are 
directly as the lengths of the pendulums, and inversely as Ihe squares of 
the limes of vibration. These are the chief properties of a simple penduluin 
vibrating in a vertical plane, and the principal problems that luise in con- 
nection with it are the following, vis : 

To find the length of a pendulum that shall make any number of vibra- 
tions in a given time; and secondly, having given the length of a pendulum, 
la End the number of vibrations it will make in any time given. These 



Iht given timt iy tAt conilani nvmber 39'!393, and divide 
tht product by Ihe trpart of tht Jiimiber of vibrationi, for the length of Ihe 
pendulum in inckei. For the second, it is. multiply tie tquare of the niaiber 
ofteeondi in the gim fine by the cenitanl number 3S*1393, dicije Iht prt^diict 
by the giiim length of the pendidum in iitchtM, and tztract the tquart root of the 
quotient for tht nmsber of cibratioiu loughL The number 39 '1393 is the 
length of a pendulum in inches, that vibrates seconds, or sixty times in a 
minute, in the latitude of London. 

Example 1. Suppose a pendulum is found to make 33 vibration! in a 
minute; what is the distance from the centre of suspension to the centre 
of oscillation? 

Here, by tbe rule, the number of seconds in the given time is GO ; hence 
ve get G0ii60«39-1393 = 14a901'48, which, being divided by 35x35^ 
1233. ^ves 140901 '48-M225^ 115-021 inches for the length required. 

Example S. The length of a pendulum between Ihe centre of suspension 
and tbe centre of oscillation is 64 inches i what number of vibrations wilt 
it make in GO seconds? 



v'22G4-Oa56 = 4T-58, nomber of -vibrations sought. When the given 
time is a minute or GO seconds, as in the two examples proposed above, 
Ihe product of the constant number 39'1393 by Ihe square of the time, or 
140901'4S. is itself a constant quantity, whicli, being kept in mind, will in 
some measure fkcilitaie tbe proceis of calcnlation in oil •unilar cases. Wo 
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DOW retnni to the coiuuderation of the conind pendnlnm, or tbst in which the s«ne time ; hutJf My rae of them 'J^^J^^"""*^ ",„ .,,-. -.^ 
the ball resolTes abont a vertical »ii» in the circumference of a circular velocity would be increa»ed, and if it detcendi the velocily wiU bs de- 
plane which ii paiaUel to the horiion. creased. 

CONICU. PEHI>CI.DIt. 

If a pendulum be iii«pended from the upper eitremitj of a vertical 
and be made to revolve about that axis by a conical motion, which consti 
therevolvingbody lo move in the circumference of a circle whose plane ia 
parallel to the horiion, then the time in which the pendulum performs 
a revolution about the axis can easily be found. 
Let C Difig. 28., be the pendulum ic question, iujpended from C, 

the upper' eitremity of the vertical 

laia CD, and letthe bail or body B, by 

revolving about the said axis, descrilw 

the circle B E A H, the plane of which 

is parallel to the horizon ; it is pro- 

poaed to assign the lime of descrip- 
tion, or the time in which the body B 

perform! a revolution about the aii* 

CD, at the distance B D. 

Conceivetheaxis C D to denote the 

weight of the revolving body, or ita 

force in the direction of gravity ; 

then, by the Compogition and Resolu- 
tion of Forces, already treated of, 
C B will denote the force or tension of the string or wire that retains the 
revolving body iiUhe dirwtion C B, and BD the force tending to the 
cenlreof the plane of revolution al D. But, by the general laws of motion 
and forees previously laid down, if the lime be given, the apace described 
will be directly proportional to the force ; but, by the laws of gravity, the 
space fallen perpendicularly from rest, in one second of time, is j—16^feeti 

consequently we have C D ; B D : : 1 6^ : -^"jj— > ^^ •!*" described 
towards D by the force in BD in one second. Consequently, by the laws 
of centripetal fbrees, the periodic time, or the time of the body revolving 

inlhecirele BE AH, it expressed by the term r^ — _, where «= 

3'UIG, the circumference of a circle whose diameter is unity ; or putting ( 
to denote the time, and expressing the height CD in feet, we get t-6-2833 

/_£.H— , or, by reducme the expression to il» almplest fbnn, it 

V 12>,32i' ' ■" " 

becomes i-O-aiSBSi/CD, wbere CD mnst be estimated in inchei, and t 
in seconds. Here we have obtained an expression of great simplicity, and 
the practical rule for reducing it may be expressed in words, as follows : — 

RnLE. MMply tie iquart mot of tht height, or Ihe dutaTitt bttveen Ihe 
point oftatpemim and the centre of Uit plant of remivtion, in incha, bg the 
conttant fraction 0'3l9Sfl, cmd tht product will be the limt of revohitiim in 

Example. In what time will a conical pendulum revolve about its ver- 
tical axis, supposing the distance between the point of suspension and the 
centre of the plane of revolution to be 39'I393 inches, which is the length 
of ■ simple pendulum that vibrates seconds in the latitude of London? 

The square root of 39 1393 is fi'SSBl ; consequently, by the rule, we have, 
6-2561 iiO'3198e = 2-0011 seconds for the time of revolution sought It 
consequently revolves 30 times in a mmnte, as it ought to do by the theory 
of the simple pendulum. 

By reversing tie procew, the height of the cone, or the distance between 
the point of suspension and the centre of the plane of revolution, correspond- 
ing to any given time, can easily be ascertained ; for we have ont^ to 
divide the number of seconda in the given time by the constant decimal 
0-31986, and the square of the quotient will be the required height in inches. 
Thus, suppose it were required to Snd the height of a conical pendulum 
that would revolve 30 times in a minute. Here the time of revolution is 
S seconds for 60.^30 = 3; therefore, by division, it is 2+0-31986c=6-25a7, 
which,being squared, gives 6'2S27 = 39 '0961 inches, or the length of a simple 
pendulum that vibrates seconds very nearly. In all conical pendulums the 
times of revolution, or the periodic times, are proportional to the square 
toots of the heights of the cones. This is manifest, for in the foregoing 
equation of the periodic time the numbers 6-28 32 an d 386, or 13 x 32^, are 
constant quantities, consequently t varies as VCD. 

If Che heights of Ihe cones, or the distances between the points of suspen- 
sion and the centres of Ihe planes of revolution, be the same, Ihe periodic 
times, or Ihe times of revolution, will he the same, whatever may be the 
radii of the cireles described by the revolving bodies. This will be clearly 
tmderstood by contemplating the subjoined diagnm, fig. 29., where all Ihe 
pendulums C a, C i. C c, C d, and C e, having the common axis CD, will 
revolve in the same time ; and if they are all in the same vertical plane 
when first put io motion, ihey will continue to revolve in that plane, what- 
ever be the velocity, so long as the common axis or height of the cone 
remains the same. Tbiswill become mauifL-sl, if we conceive an inflexible 
bar or rod of iron to pass though the centres of all the balls as well as 
the common axis, (br tben the bar and the several balls must all revolve In 



Half the periodic time of a conical pendulum is equal to the time of vibra- 
tion of aumple pendulum, the length of which is equal to the axis or height 
of the coue ; that is, the simple pendulnm makes two oscillations or vibra- 
tions ft^im side to side, or itarrives at Ihe same point fhim which it departed, 
in the same time that the conical pendulum revolves about ils axis. The 
space descended by a falling body in the time of one revolution of Iha 
conical pendulum is equal to 3-1416* multiplied by twice the height or axis 
of the cone. The periodic time, or tbe time of one revolution, is equal to 
the product of 3-U16v'2 multiplied by the time of &lling through tbe 
height of the cone. Tbe weight of a conical pendnlnm, when revolving in 
the circumference of a circle, bears the same proportion to the centrilbgal 
force, or its tendency to fly ofi' in a straight line, as the axis or height of 
the cone bears to the radius of the plane of revolution ; consequently, when 
the height of the cone is equal (o tbe radius of its base, tbe centripetal or 
centrifugal force is equal to Ihe power of gravity. 

These are Ihe principles on which the action of the conical pendulum 
depends; but as we sball hereafter have occasion to consider it more at 
large, we need not say more respecting it in this place : before dismissing 
the subject, however, it may be proper to put the reader in possession of 
the rules for calcutaiing the position of the centre of oscillation in vibrating 
bodies, in a few cases where it has been determined, tlieM being the cases 
that are of the most frequent occnrrence in practice. 

The entire of eiciUalion in a vibrating body is that point in the line of 
suspension, in which, if all the matter of the system were collected, any 
fbrce applied there would generate the same angular motion in a given 
time as the siune foree applied at the centre of gravity. The centres of 
oscillation for several figures of very frequent use, suspended from their 
vertices and vihratiog flatwise, are as follow ; — 

In a right line, or parallelogram, or a cylinder of very small diameter, the 
centre of oscillation is al two-lbirds of Ihe length Irom the point of suspen- 
sion. In an isosceles triangle the centre of oscillation is at three-fourths 
of Ihe altitude. In a circle it is five-lourtbs of the radius. In the common 
parabola it is five-sevenths of its altitude. In a parabola of any order it 
is {- 1 K altitude where n denotes the order of the figure. 

In bodies vibrating laterally, or in their own plane, the centres of oscil- 
lation are situated as follows j namely, in a cirele the centre of OEciUaticii 
is at three-fourths of Ihe diameter; in a rectangle, suspended at one of its 
a^gIe^ it is al two-thirds of the diagonal-, in a parabola, suspended by Ihe 
vertex, it is five-sevenlhs of the axis, increased by one-third of the pan- 
meter 1 in a parabola, suspended by the middle of ita base, it is four- sevenths 
of Ihe axis, increased by half the parameter; in Ihe sector ofacirele it is 
three times the are of the sector multiplied by Ihe radius, and divided by 
four times the chord : In a right cone it is four-fifths of the axis or height, 
increased bv the quolieni thai arises when the square of the radius of the 
base IB divided by five limes the height ; in a globe or sphere it is tbe radius 
of the sphere, plus Ihe length of Ihe thread by which it is suspended, plus 
the quotient that arises when twice Ihe square of the radius is dividi^ by 
five times (he sum of the radius and the length of the suspending thread 



Heat and Combustion, 
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b til theM CUM die disUiic<> ii estimated fram the poiol of suapension. and 
nnee the ccDtrei of oarillation sod percnssion are in one and th« uuue point, 
«lMt«Ter hu been wid of tbe one is equal) j >rve of ilie other. 



&Ting now eiplwoed at wine length the mechmiical principles -with 
whkh the itndenl of the eteam engine ought to be acquainted if be wishei 
to get to the bottom of the aubgect, «e slmll next say something of the 
Utnte of heat aod combustioo. an acquaintance with which is equally 
Deeeiaary to his proBciency. Upon some, we are aware, (heae elementary 
dnctdations will be thrown away, for the greater number of competent 
cogiaecn are already familiar with such inquiriea ; and it ia not to be aup- 
poaed thU we con add maleriallyto their information upon these preliminary 
tofHca. Bat to ■ &t larger number a treatise upon tbe ateam engine would 
be a sealed book without soch atepi of easy progrcision ; and our profession 
it, while aapiiing to add to tbe Information of the initiated, lo optn the 
•a^eet of the ateam engine np to tboie nnacquainled with steam, or any 
other tcieoee. 

There are three modifications of heat of which philosophers apeak i aen- 
nble heat, latent heat, and specific heat SttiaibU heat is the heat which 
H Dbaervable by the thermometer, or discoverable by the senses ; and tbia 
kind of heal eiists in every thing with which we are acquainted i for, aa 
we know of nothing so cold but what it might be colder, there is aothing 
without a eertun degree of heat in the whole range of our experience. The 
frnty Umosphere of our own climale, for example, ia not so cold as that of 
Rnsaia, while the Ruaaian atmosphere, again, ii more genial than that of 
the north pole ; and even at the north pole acme limes ore colder than 
albert, and aa cold ariaes merely from a penury of beat, there are varialiona 
in tbe dcgreei of heat eveii in tbe coldest silualiona. and consequently mnK 
existing and dlscorerable by the thermometer in all things. 

Xoftat heal is defined to be that beat which is not discoverable by the 
tbermomeler, but ia expended in producing a ehaoge of atate, aa in the 
liqnefiiction of ice or the vaporisation of water. If an open vessel of water 
be placed upon a fire, the temperature of the water will not rise above tbe 
boiUng pmnt, or 313 degrees, however lonf^ the boiling be continued, al- 
tboogh the water moat have been all the while receiving aceesaions of bent 
Itom the fire. Alt the heat received over and above that requisite to pra- 
dM« tbe tempetBtnre of 313° is expended in tbe formation of steam, but 
dte iteun llielf does not rise above S13° ) and on account of the heat thus 
kidiag 'UmM, as it were, in the steam, it ia called latent heat. The term, 
bowerer, ii ■ bad one, aa the obvious explanation is, that heat is capable of 
fcodacing two distinct effects ; the one an elevation of temperature with the 
matt vohiine. and tbe other an augmentation of volume with the same tem- 
Mtatate; and these effecta are equivalent and convertible. There is, there- 
Aire, no more propriety in aaying that beat is latent when it does not elevate 
die temperature Ma body than when it doea not enbrge ita volume, for in 
each case the effect proper to the application ia produced, and lo look for 
an aogmentation of temperature, aa well as an augmentation of volume, 
would be to reckon upon receiving the same thing twice over. 

Th^teat heat of steam is aajd to be 1000°, which means that it would 
take ram timei more heat to raise a pound of water into steam than to 
tuse it one degree in temperature, or what is the same thing, the heat re- 
qnired to nase a pound of water into steam would raise lOiH) pounds of 
water one degree. From this it appears that it requires about 5J times as 
UDch heat to raise any given weight of water into steam aa woTild raise the 
aame weight of water from the freeiing to the boiling point. Thcfreciing 
pcnnt is 33°, and the boiling point 313°. so that tbe amount of difference. 
or the number of degrees through which the temperature has to be rused 
between the fteeiing and boiling points, is 180°, and ISO° multiplied by SJ 
is 990, or 1000 nearly. 

Specific heat means the quantity of heal contained by one body at a 
given lemperaiore compared wiUi the quantity contained in another body 
at the same temperature. It by no means follows that the same weights of 
different bodies at the same temperaturecontain the same quantities of heat. 



any more than that the s«me bulks of differt 

quanlitiet ti matter, and the specific heat of a body indicates the quantity 
of heat it contun* jatt a* its specific gravity indicates iu quantity of matter. 
Tbe fpeeiflc heats of a great number of bodies ha>e been ascertained and 
arranged in taUea jnst as tbeic specific gravities, and the apecific heat of 
water is taken as unity. 

A great deal of confoaion has been cast over (he sutiject of specific heat 
by the accredited definition of latent heat, vhich ia said to be the heat ab- 
sorbed by bodies dnriog a change of state fVom aoUd lo liquid, and from 
liqnid to aeriform, whereaa it ought to be tbe heal absorbed wilhout deration 
of temperature, whether there be a change of state or not. From tbe want 
of (bi* otipalatioii, tbe heat produced by the compression of air, or the cold 
imdnced by its dilatation, has been ascribed to a change in the apecific heat 
of the air, while the change of temperature due to a corresponding operation 
h the case of ateam is aet down aa being due to a change in the latent heat. 
Trnm tbe experimenn of Watt and others, it appeara that the aum of the 



pansiou is charged upon its specific heat, although that element is in reality 
guiltless of the transformation. We have thus tbe anomaly of that being 
reckoned specific heat iu one country which is counted hitent heat in an- 
other, for the sleama of one climate ore the gaees of a wanner one; and if 
the same laws respecting latent and specific beat be not Buffered to bold in 
the case of air, aa in that of ateam, theconditiona of latent and specific heats 
resolve themselves into mero questions of latitude and longitude. Ether, 
which exists in the liquid form at the ordinary atmospheric tempe- 
ralurea of this country, becomes a permanent gas at the equator ; and 
I which exist in tbe liquid state at Geneva become aeiifonu 
It of Mount Blanc ; and the only way lo escape from the incoD- 
olved by the present doctrines on this subject ia either to de- 
poae the ateama from the position they now hold and set them upon the same 
ground the airs occupy, or, what, in onr judgment, is better still, becautr 
opening a road connecting theory with eiperiment, to accept the definitiou 
we have indicated. The way in which this connection is to be made we 
shall now endeavour to show. 

It may not be known to Some of Oar readers that all bodies are supposed 
to he built np of indefinitely small molecules of matter called atoms ; and 
indeed, if it be admitted that there is such a thing as matter Bl all, it may 
be now taken for granted that it ia thns constituted. These atoms are 
never broken up into fragments, but when bodies combine, a certain num- 
ber of the atoms of the one mingle with a certain number of the atoms of 
tbe other, rqecling any eicesa of either that may be offered beyond the 
proportions proper to the compound, and this is what ia nndeiitood by 
combining in definite or atomic proportions. Messrs, Dulong and Petit, 
from a number of considerations, have been led to believe that the specific 
heats of bodies are inversely aa their atomic weights, or in other words tliat 
each atom of a body has the same quantity of heat, so that ita specific 
heat will be great in the proportion in which the weight of its atoms ia 
small, and consequently the greater number of atoms in it. The experiments, 
however, of tliese ingenious inquirers did not bear out this view of the case ; 
but the diacrepancy arises, in our belief, fh>ni the admission of a certain 
proportion of latent heat as an element of tbe investigation, so that the heal in- 
dicated, instead of being the true specific beat, is a compoond quantity 
made up of latent and specific heals conjointly. In ascertaining the specific 
beat of iron, for example, the plan adopted was to bent the iron to acenuia 
temperature, and plunge it into a vessel of water of which the tempemtute 
was known, and the rise in the lempetalnre of the water was supposed to 
indicate the specific heal of the metaL But it is obvious that ■ contraction 
of the iron would take place when plunged in the water, the heat due to 
which would by its extrication goto increaae the temperature of thewaler, 
and tbua vitiate the result. Ifthe amount of this heat were to be ascertained, 
and subtracted from Dulong and Petit'e results, we have every confidence that 
the numbers obtained would then bear out their very ingenious hypothesis j 
and wbicb from other considerations has the alrongeat protability to support it. 
And ifthe specific heats of bodies vary inversely as their atomic weights, it if 
plain that they cannot vary with tbe temperature, provided heat be im- 
ponderable I for the weight of a body ia mode up of tbe weight of the atoms 
of which it is composed, and an atom cannot be heavier if the body be not 
heavier itself. If, therefore, the weights of the atoms be uaafTected by 
temperature, and a fixed relation cxista between the veigbta of the atoms 
and tbe specific heats, the specific heals cannot he affected by lemperalure 
either, and the specific heat of a body must be the same whether it be in the 
solid, liquid, or aeriform stale, to that the specific heat of the same bod; 
remains unchanged under all its transmutations. This conclusion doea 
not correapond exactly with experiment, for the specific heal of steam, for 
example, is rated at -8*7, that of water being 1. Bui there are very few 
of the experiments on the specific heats of aeriform bodies, upon which 
mncb dependence can be placed ; aa the investigation ia one of infinite 
difficulty, from the delicacy required in tbe manipulation, and the minule- 
nesa of the result that is to he caught 
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There are two theories in the field respecting the nature of beat ; the 
one regards il aa a material substance, and the other as a mere undtJator}' 
motion in the molecules of bodies, or in a highly elastic and subtle fluid 
which pervades all space, and which is capable of transmitting vibrations 
As philosophers still differ upon this tubjecl, it is not to he supposed that 
we shall perplex ourselves with it, especially as engines will work 
equally well whatever theory be the correct one. The inquiry, however, 
is not without inlcresl, as, if the doubt were resolved, we should perhaps 
have such light thrown upon the modes of exciting beat as might greatly 
conduce to economy in steam machinery, and at least we should then be 
able to construct furnaces more scientifically. If heat be a material 
substance and not a mere qiuility of mailer, the heat produced by the 
combnslion of a given quantity of fuel in tbe internal furnace of a steam 
boiler must either enter the water, or escape up the chimney, and in this 
case the indication would he to make the combustion very stow, in order 

_.j _, , __ , that it may be the niore perfect: but if heal be merely a vibtalory molion 

ed m about the same I in the particles of bodies, (low comhuslion may be carried loo far, and it 
s there hns been no [ may become then an indication to cause Ihe heat to be absorbed as near 
niperatnre during ex- ■ s« possible to the spot in which it is excited, &r the vibratory motions may 
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otherwise become taint or altogether cease without producing any adequate 
effect upon the water in the boiler. 

COMBU8TIOK. 

Combustion is nothing more than a vehement combination of the con- 
stituents of coal with the oxygen of the atmosphere, and which only takes 
place at a high temperature. In all cases of chemical combination there is 
a transfer of electricity, and it is essential to combination that the combining 
bodies shall be in opposite electrical states. The rusting, or, as it is more 
learnedly termed, the oxydation of iron, is caused by the combination of 
the oxygen of the atmosphere therewith, and is therefore a process ana- 
logous to the combustion of coke or cinders, which might be described as 
the rapid rusting of carbon. 

To maintain this rapidity of oxydation, it is indispensable that the air 
be quickly renewed, and hence the necessity in a furnace for the existence 
of a draught. The atmosphere consists of a mixture of two gases, oxygen 
and nitrogen or azote, in the proportion of 1 Tolume of the former to 4 of 
the latter. The specific gravity of oxygen is 1*111, that of air being 
unity ; and the specific gravity of nitrogen is '9722. Coal consists of 
charcoal or carbon united vnth hydrogen and other gases in very variable 
quantity in the different kinds of coal, and intermingled with sulphur and 
other impurities. The most flaming kind of coal is that which contains 
most hydrogen, whereas anthracite and coke contain little or none, and 
the earthy matter present in coal takes during combustion the form of 
ashes. 1000 lbs. of splint coal contains, according to Dr. Thomson, 
647*3 lbs. of coke and 352*7 lbs. of volatile matter, while cannel coal 
contains in the same weight only 400 lbs of coke, and as much as 600 lbs. 
of volatile matter. Cannel coal, however, is not used in fhmaces, so that 
we need not consider its peculiarities, nor is the splint coal now much used 
for the generation of steam, except in a few situations, for, although very 
etfectual, it burns quickly awav, and is not the most economical, ex- 
cept near the places at which it is dug. The Welsh coal appears to be 
the best adapted for the generation of steam with economy, and it consists 
chiefly of carbon, and has very little hydrogen in it. The combination of 
oxygen with carbon forms carbonic acid, and during the conversion the gas 
does not undergo any change of Tolume but only increases in density. 
The specific gravity of carbonic acid is 1*5277, so that a pound and a half of 
carbonic acid has half a pound of carbon in it, or in other words, every 
pound of coke or Welsh coal requires about two pounds of oxygen for its 
saturation. But the oxygen is mingled with nitrogen, fh)m which it 
cannot detach itself, and for every two pounds of oxygen that enters into 
combination, seven pounds of nitrogen must pass through the fire, making 
a total of nine pounds of atmospheric air to every pound of coal, supposing 
that all the oxygen enters into combination. But this is never the case, 
and in the great majority of fires eleven or twelve pounds of atmospheric 
air will be required for the combustion of a single pound of coal, at the 
lowest computation, and sometimes the quantity much exceeds this amount. 

Smoke is the product of the imperfect combustion of bituminous coal, 
caused either by a want of oxygen or a want of temperature. If analysed, 
it will be found to consist of uncombined carbon, carbonic acid and car- 
bonic oxide, aqueous vapour, bituminous vapour, and the other volatile 
products of coalf nitrogen and atmospheric air, in varying proportions. 
There is often an intermixture, too, of sulphur, ammonia, and probably of 
cyanogen. In common language, a furnace is said to bum without smoke 
when no uncombined carbon is visible at the chimney ; but even in such 
cases there may be a great waste of combustible material, by the formation 
of carbonic oxide in the furnace, which may be defined to be invisible 
smoke, and which may carry a large amount of carbon, which would other- 
wise have been productive of benefit, into the atmosphere. 

Flame may be defined to be aeriform or gaseous matter heated to such 
a degree as to be luminous, and may be produced independent of any chemical 
change, as is shown in the discharge of voltaic electricity through an un- 
decomposable gas. When flame is produced in chemical combinations, 
gaseous matter is always the cause of it In the fiame of solid substances 
which contain carbon, such as coal, wax, &c, three effects arc observable on 
the application of heat, 1st, — Volatilization; 2nd, Decomposition; 3rd, 
Ignition. Thus, in the flame of a candle the wax is first volatilized, being 
converted by the heat into vapour ; this vapour by reason of its specific 
levity ascends into the body of the fiame, where it is decomposed, carbon 
is separated, and that carbon by its ignition is the chief cause of the light 
Thus the brilliancy of coal gas increases with the quantity of carbon 
entering into its composition, and the flame of the oxyhydrogen blow-pipe, 
where the heat is the most intense that has hitherto been produced, is 
almost invisible. 

If air be admitted to a candle in deficient quantity it will smoke, because 
the oxygen will be monopolised by the hydrogen of the flame, and the car- 
bon must then be thrown off in the form of soot If the temperature of the 
flame of a candle be artificially lowered it will smoke, because after vapor- 
ization and decomposition, not heat enough is left to effect the ignition of 
the carbon. Thus, if a candle be left with a long wick, so much heat is given 
off from it by radiation that the candle smokes. If the point of a pair of 
snuffers or any other cold body be introduced into the flame, smoke is pro- 
duced by the diminution of temperature ; or if a small tin pan containing 
water be held over the flame, the bottom of the pan will soon be covered with 



soot, on account of the heat absorbed by the water. The same thing mar 

be shown more strikingly by means of a piece of wire ganze ; if this be 

held in the very base of the flame, no carbon will be deposited on it, fop 

decomposition has not yet commenced there ; if it be held in the middle of 

the flame it will soon be covered with soot* on account of its cooling action 

preventing the ignition of the carbon resulting from decomposition ; but if 

it be held again at the apex of the flame, no carbon will be deposited, for 

before the particles ascend so high, they have been ignited and converted 

into carbonic acid by uniting with the oxygen of the atmosphere. These 

examples will illustrate the action of a common furnace, in which, if after 

the decomposition of the gas in the coal there ceases to be a suficiency 

of oxygen to form carbonic acid with the carbon of the gas, there must be 

a production of smoke, when bituminous coal is burned, whatever the 

temperature of the furnace may be ; for carbon has never yet been vaporized, 

or even fused. 

When an inflammable gas is mixed with an uninflammable gas in certain 
proportions, the mixture will not take fire, and cannot be exploded by the 
electric spark. The effect is similar to what would be produced by muung 
water with oil, and the cause of the phenomenon is the same — the cooling 
agency of the incombustible substance. Thus the various incombustible 
gases have different de^ees of power to prevent explosion or combustion 
according to their densities, or, in other words, according to their cooling 
powers. The efficacy of carbonic acid and nitrogen, and of the surfkces of 
small tubes, or of the wire gauze of the safety lamp, in preventing explo- 
sions in coal mines, arises from the refrigeration accomplished by those 
substances upon the exploding mixture, so that the temperature is no longer 
sufficient for its continuous inflammation. By mixing one part of carbonic 
acid with seven parts of an explosive mixture of carburetted hydrogen and 
atmospheric air, or one part of nitrogen with six parts at the common atmo- 
spheric temperatures, the explosive powers of the mixture are destroyed. 
At the high temperature of a furnace the gases not concerned in combustion 
will have less power in preventing that operation ; and it is found that 
steam and vapours which require a considerable heat for their formation 
will have less effect in preventmg combustion than gases at the common 
heat of the atmosphere. It requires a very large quantity of steam to pre- 
vent sulphur from burning. Oxygen and hydrogen explode by the electric 
spark when mixed with five times their bulk of steam ; and even a mixture 
of air and carburetted hydrogen, the least explosive of all mixtnres, requires 
a third of steam to prevent its infiammation. 

B)r an experiment of Rumford's, it appears that all bodies, whatever the 
activity of their inflammation may be, may be extinguished by cooling 
agency. Even the explosion of gunpowder may be thus arrested, and its in- 
cipient inflammation be extinguished by directing on it a strong blast of air. 
When we blow out a candle, we are indebted to the cooling agency of a 
blast of air for the success of the operation. A very simple and elegant 
illustration of the effect of cold in extinguishing flame may here be stated, 
and is as follows: — Let the smallest possible flame be made by a single 
thread of cotton immersed in oil ; it wUl be found to be about one thirtieth 
of an inch in diameter. Let a fine iron wire of one one hundred and 
eightieth be made into a circle of one tenth of an inch in diameter, and 
brought over the flame. Though at such a distance, it will instantly ex- 
tinguish it ifcoJd: but if it be held over the flame so as to be lightly 
heated, the flame may be passed through it That the efiTect depends en- 
tirely upon the power of the metal to abstract the heat of the flame, 
is shown by bringing a glass capillary ring of the same diameter and 
size over the flame. This being a much worse conductor of heat, will not 
extinguish it even when cdd. If its size, however, be made greater, and 
its circumference smaller, it will act like the metallic wire, and require to 
be heated to prevent it from extin^ishing the flame. Another similar 
experiment may be made by bringmg a small metallic ball near a very 
small flame. If the ball be cold, or even if it be red hot, it will extinguish 
the flame, but if brought to a state of ignition, it will then cease to prmluce 
the effect. 

Different degrees of heat inflame the different combustible gases re- 
sulting from the distillation of coal. Carburetted hydrogen mixed with 
air is not ignited by well burned charcoal ignited to the strongest red 
heat Indeed, a fire made of well burned charcoal, that is, charcoal that 
will bum without flame, may be blown up to whiteness by an explosive 
mixture consisting of air and carburetted hydrogen. An iron rod at the 
highest degree of red heat, and at the common degree of white heat, will 
not inflame such a mixture, but when in brilliant combustion it will produce 
the effect The flame of carbonic oxide will inflame an explosive mixture 
of air and carburetted hydrogen. Olefiant gas and carbonic oxide may 
both be inflamed by iron heated to redness or by charcoal ; and hydrogen, 
which explodes when mixed with three sevenths of its volume of air, 
takes fire at the lowest visible heat of iron and charcoal, and the case is 
the same with sulphuretted hydrogen. Atmospherical air, when very con- 
siderably rarefied, is rendered unfit for supporting combustion. This fact 
was knovm to the earlier experimenters upon the Boylean vacuum, but 
the subject remained involved in considerable obscurity until investigated 
by Sir H. Davy. He has shovm that flame ceases in rarefied air, not from 
a want of nourishment, but from want of heat, and that if its temperature 
could be preserved by some supplementary aid it might be kept burning. 
It is not, however, by the same degree of rarefaction of air that the 
combustion of all bodies is suspended, for, as might naturally be suppoeed. 



Temperature aad Elattic Force of Steam. 



thoM vhtch rcqaiN leut heat for their combnnioA bum id more rarefied 
NT tlwo tbow which ruoira t higher temperatore ; and again, those ihac 
fradno* mncb heat bj Itieir eombiutioo born in more rsrelied air than ibace 
irhioh erolve little heaL The following table ihowi the degrees oC rare- 
Aetian<^eoiiimonair at which the combnitioD of (DmeinOanmablebodiei 
BIMM, bothwithandwithotutheappendageof a c(h1 of platinum wire. 

WUhwjl With 

Plitloum. PluJniin. 

Oleflant gM oMMi to bom in air rarefied - . - ii to IS times 
Carbnretted hydrogen •---••-4 — 

Carbonic ozid* --......0 — 

ii^X^] . ,^, - 

Snlphnretted hjdn^en • - - T — 

Snlpbnr -.---- IS to 30- — 

Pboapboni* ..... eo — 

Br preterring heat in rarefied air the inflammation of bodies may be 
evottnncd, when onder other circnnutances it wDnld have beeu extinguished. 
Thu when camphor ii bamed in a glon tnbe, ao ai to moke the npper 
part of the ttlbe red hot, the infiammatioD cuntinuei even when the rare- 
Ihotioti II sllM timet ; whereas it will ooly conlinne io air rarefied tix 
tima* when the camphor ii burned in a thick metallic tabe, which cannot 
he eoofiderabl]' heated by it. The mechanical eondeniutioD of air does 
not adapt it for supporting a more vivid combustion. If air be condeiued 
Htc times, and then iron wire be ignited to whiteness within it b; the 
Toltaic apparatus, the cambniliou will go on with very little more bright- 
ness than m the common atmosphere, and will not continue, as in oijgen. 
Charcoal, again, will not bum much more brightly in this compressed air 
diaii in eommoo air ; and indeed the whole of our eiperience goes to 
•bow that compresiion of the air does not increase the Tehemeoee of 
eombdstion, prorided always the air be kept statiooarr and be not used as 
■ blast 

From the experimetiU of Despreta* it does not appear that the quantity 
of heat gifon oat by charcoal during combnitian is greater or less in 
conden*^ oxygen gM than in pa of the common density ; and he is of 
opinion that tfae tame nniformity would be found to obtain in the com- 
bostioa of sulphur and other bodies which burn in oxygen withoot a change 
ef Tolnme. 

If we knew the precise nattire and quantity of the combustible matters 
in anuike, and the temperature of the smoke u it emerges from the furnace, 
we could, by a rery simple calcaUtion, tell what would be the amount of 
advantage or ditadvantage resulting ftxnn the admission of a sufficiency of 
air to perfoct the combustion, supposing the cooUog agency of the boiler to 
be BbeenL Bat in all practical cues, this is a quantity which must be con- 
sidered, the combustion of smoke being of diminished importance when the 
heat generated is not absorbed by the bailer ; and when the heat is so ab- 
■orb^ the effect is to estingmih the flame, in a way gimihir to that in 
irtuch the ring of wire operated on the small flame of a lamp in one of the 
experiments we have recited. If the flame resulting from the eombiution 
of the (make does not act npon the boiler, no calorific effect can of course 
be obtained from it, and there will be an increased consumption of fheL 
When it does impinge upon the boiler, there is a danger that the cooling 
•geoey of the bmler, when eoi^oined with that of the nitrogen, carbonic 
■od, and cold air, will so iHminnh the temperature that the flame will be 

ItWtf been already mentioned that one part of nitrogen, when mixed with 
■ix parts of an explosive mixture of carburetted hydrogen, or ooe part of 
carbonic acid with seven parts, destroys at common temperatures, the com- 
butibility of the mixture. These proportions will of coarse be very much 
•kered at the temperature at which smoke emerges from a furnace i bat 
•Ten in that case, the temperature of the smoke is so much beneath that of 
Tuible fiamc, that the effect of the nitrogen and cu-bonic acid will neces- 
■rily exert a pawerfal influence ; and the difficulty of consuming or 
obviating smoke is greatly increased, or rather, we should say, alto- 
nther mued, by the presence of these gasos. The combuition of smoke, 
bowever, is by no means impossible, uotwithatanding these impediments, 
and in large towns the smoke naisance baa risen to so intolerable a pitch 
that its supprenion we look npou as being now inevitable. During the last 
year a parliamentary committee has carefolly lovestigated the means by 
which smoke may be done away, and has recommended that a bill be 
Ivonght into parliament for the suppression of tbe naisance. In this re- 
I commendation we cordially concur ; for there is nothing of which we are ' 
more confident than that manufacturers and others would very quickly find 
oat means of obviating the smoke emitted by their factories if It were made 
penal to prodnce any. Of the prevention of smoke in the case of bouse flres 
we are by no means equally ssnguioe ; and indeed the expense of new 
gTBlfs or other machinery in all the flre-places of a great city would be a 
•erions barrier to the iutradactiou of such an improvcmeDl, ecen if it were 
kaown to be feasible. But in tbe csae of furnaces, and other close flres, 
«• have no such doubts ; and as the question of smoke-prevention forma 
not only a part of the general subject we have undertaken to discme, bat 
i* of great mtereat at uie present moment to almost every member (HT the 
■ 37 Ann. da Ch. et da Pli lat. 
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coramnnity, we ahal] here introduce anch remarks upon the subject as, 
without leading us into any practical details, will indicate some of the 
modes in which the desired innovation may be accomplished. 

Tbe whole of the smoke-biiming furnaces that have been hitherto pro- 
jected may be classed rongbly under two general heads. In the one the 
smoke is burned by passing through, over, and among ibc homing fuel ; and 
in the other it is coasam<^ by the admission of a stream of air at the 
bridge, or in aome other part, to mix with and conaame the smoke after it 
has left the fire. It is necessary, indeed, in all cases of the combuation oi 
smoke, that air should be present i for carbon, by which tbe colour of 
smoke is imparted, cannot be fused or dissipated in any way within a furnace 
without oxygen ; but in some cases the oxygen already mixed with the 
smoke ia sufficient for its combnilion ; and all that is wanted in sucb a 
case is its subjection to an elevated temperature. Papin propoaed to con- 
Bume smoke by causing the draught to pass down through a fire, and this 
draught might be maintained by means of his cylindrical blower or fan. 
This scheme was in part revived by Franklin, who contrived a stove for 
burning its own smoke in which the air descended tbroagh the fuel. Watt 
employed in his early trials a hopper through which a current of air wm 
solicited to descend ; but he found this difficult to numage, in eonseqaence 
of the caking of the coal ; and he in consequence relmquished the plan 
in favour of ■ dead plate at the mouth of the fumace, which when con. 
joined with a slow combustion and careful firing, is found to be very 
cffecluaL The raw coal it Gnt placed upon this dead plate, upon its intro- 
doction to the fhmace ; and the smoke and gases proceeding tVom the Coal 
on the application of heat are consumed in passing over the incandescent 
fueL In some cases, air is admitted at the furnace door, and in other casM 
not, the alternative being contingent upon the rapidity of ^e draugbt and the 
thickness of the stratum of fiiel maintained on the fire bars ; for when the 
draught is quick and the Ere thin, enough uncombined oxygen will escape 
up through the fuel to accomplish the inflammation of llie combustible 
parts of the smoke. The coal in this plan has to be pushed back from the 
dead plate into the active part of the furnace as soon as its gases have been 
expelled 1' an operation attended with more trouble thui the ordinary 
method of firing, and therefore very generally neglected. 

The method of admitting air, either at the bridge or in some situation 
beyond it, in order to accomplish the combustion of the smoke, is, in the 
case of famaces unprovided with any feeding mechanism, attended with 
the very obvious olyeetlon that it is a thing impassible duly to apportion 
the admission of the air to tbe varying wants of the flre ; so thst there will 
Kenerallly be either too little air gaining admittance, or too much — in the 
latter case not merely interfering with the combustion of the smoke, but 
seriously cooling the boiler. With very careful and tcientific firing, indeed 
such as an experiment may obtain, the smoke is found to be very effectually 
obviated by the admlasioa of air, and a saving in fuel to tbe extent of 1 S 
or U per cent, may be realised ; but under the average circumstances of 
firing there is no gain by the admission of air, but rather a loss ; and the 
plan, therefore, though often revived, and sometimes under very imposing 
namra, by successive projectora, has never been brought into extendi 
practice. It is only in cases where self-acting flre-feeders are empliwed. 
that the plan of burning smoke by an admission of air into the flue ia at 
all applicable ; fbr Ibere tbe production of smoke being nearly niiiform, the 
air orifice may be adjusted with much nicety to its requirements, and needs 
no subsequent alteration. Even nnder this modiflcation, however, we do 
not look upon the plan for consuming smoke by admitting air at the bridge 
or in the flues as the best that is available ; and the addition of fire-feeding 
mechanisms would be a heavy expense at a preliminary condiliou, and 
coutd not be applied to existing boilers in all cases. 

We reserve for the practical part of this treatise any thing that we may 
hjtve to say respecting the merits of the rival smoke-burning schemes that 
have latterly contended with one another for (he countenance of the public : 
but we would here desire to expUin, that the method by which tbe nuisance 
of smoke might in tbe most difficult cases, as in tteam-vessela. be most 
easily and effectually obviated, lies, in our apprehension, in leading the 
smoke without any new intermixture through a perforated fire-brick bndge, 
which woold answer very nearly the same purpose as a second fire. This 
bridge, however, to be effectual, would require to be of a considerable length, 
and should have several breaks ia it, so as to agitate the smoke in its pat- 
sage ; but at the same time it should be so made as to be capable of being 
eaaily cleared, for a crust of ashes will be found to form upon the fire-brick 
surface, which wilt require to be swept away occasionally. The depth of 
fire upon the bars, aad the intensity of the draught, must of course be so 
regulated, that air enough will ascend through the flre to accomplish the 
combustion of the smoke, and it is important that the flre l>e fed often and 
in small quantities at a time. But if the smoke be agitated when in a hot 
state and at the same time the ordinary excess of oxygen be present, the car- 
bonaceouE portion of the smoke will be burned very effectually. Fumacet 
will generally cease to smoke when a very bad tiack-draught comes npon 
them, as the agitation of the air in that case facilitatea tbe combination of 
the combustible parts of the smoke, with its intermingled oxygen ; and in 
an air fumace for melting iron, where the smoke Is deflected down upon 
the hot metal, all appearance of carbon ceases when the furnace has reached 
an elevated temperature. Nor ia this owing, in tbe cases to which we 
allude, to the formation of carbonic oxide, but arises merely from the com- 
bustion of the tmoke in ctmseqnencc of the agitation it undergoes on theilamo 
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bed, tod the high temperature ta which it it inliiected. It vaold no doabt 
initlf &ci]il>te the baraing of tmoke in funucet geccrallf if Che heat 
were pnTenied from enteriiiB the voter of the boiler bj & fire-briclt cuing. 
or lOine other saeb meant, until ifter the imoke hod been canEnmed, for 
the temperature thni retained vould much facilitate eombustioa. But it 
ii not certain that a lou of effect would not retnll ftxim thia innuvatioD, 
though if ttie heat producible b; annit of coal be a conitaat quantitj, aod 
etiinot cease to exist without [^oducing a cormpondiug effect upon othrr 
bodies, it ii diffleult to see in what way a losi of effect is possible. In 
that caM any heat the coal produced wonld neceasaril; enter the water if 
It did not escape at the ebimney. and if less heat w«re communicated by 
the fbmace, a proportionablj greater amount would be commuDicated by 
the fluei i bnt the subject is iDiolved in too much obscuritr to gire worth 
to any hypotbetis, and we lisve as yet no ezperimenta npon this point that 
•re adequate to resolve our doubts. 

A good deal of interest has been at variont times excited by the peculiar 
fbrmalion of the Cornish boiler i one property of which is, that it generatej 
steaiD with very little smoke, as well as with considerable economy of liiel. 
This result ii usually aClrlbuled to slow combustion ; and certaiuly a most 
important thing in the dpsign of any meaaurei for the combustion of amoke 
i« to giTe Bs much time as can be MSbrded for accomplishing the combina^ 
tion, as well as to make the intermingled gases as homogeneous as possible. 
A large part of the smokeless virtue of the Cornish boilers, however, ia to 
be attributed to the nature of the coal osnally employed tbere, which coo- 
taint very little hydrofteu ; and consequently Only a small proportion of 
that bitnmiuous material out of which smoke is formed. These circum- 
stances, wbatever be their severaJ values, certainly, when taken together, 
Eto produce a very satis&clory result ; and in boilers operating on the 
rnish plan, and with Che Cornish, or rather the Welsh fuel, an almost 
inappreciable quaatily of smoke ia generated. Several of these boilers have 
of late years been setup in London, and fiimish certainly a strange contrast 
to the vehement smoking of the ordinary metropolitan fires. Of these (he i 
boilers empltwedtbr driving che machinery of Mr. Thomas Cubitt'a factory , | 
at Vauxhall Bridge, has probably attracted the moet attention ; aod no 
one. indeed, looking to Che small quantity of smoke which escapes fVom (hat 
monumental chimney, could imagine that there was a boiler of any kind in 
that situation. The necessity of using Welsh coal, however, to produce 
this result, is certaiuly an objection in the case of London furnaces, for 
Welch is dearer than Newcastle coal in the metropolis ; yet this extra ei' 
Dense if but a small consideration when put agunst the inconvenience and 
insalubHCy caused by smoke in large cities, and it should, we think, be 
made imperative that those who do not feel disposed to dispatch their smoke 
by any other method should use the Welsh or some other smokeless coal, 
so that they may cease to be vrith impunity manufacturers uf a Duisance, 
The greatest manuftcCurera of smoke, however, in London, are the brewers, 
discillen, snd chemical manufucturers, to whose operations the expedients 
of the Cornish boiler will probably not apply. But there will very soon be 
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smoke be only made punishable. 

against che hu^hip of being compelled to eitinguiKh 

not known to be susceptible of abatement, are in mos 

the while tliat the prevention of smoke is possible, though it ac fim might 

be attended with some trouble, and they wilt be very quick in finding a 

remedy when their works are proUUted agaiiut going on upon an; other 
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Slam, M aU oar readen know, is an elastic fluid generated f^ynn water 
by the application of heat. It is, in &ct, water in a high state of rareike- 
tion, or so impregnated with caloric, or the matter of beat, as to assume 
the state of an aeriform or elastic SuJd. When steam is confined in a 
oloae vessel id contact with the water chat produces ic, the effort by which 
it endeavonrs to expand itself and enlarge its volume, or to separate the 
parti of the vessel that confines ic and set itself tnx, is called the dojitie 
font of steam. In estimating the mechanical action of steam, the inlensicy 
of its elastic force must be referred to some known standard measure, such 
as the pressure which it exerts against a square inch of the surlace that 
contains it, osnally reckoned by so many pounds avoirdupois upon the 
sqaare inch. The intensity of the elastic force is also estimated bj the 
inches in height of a vertical column of mercury, whose weight is equal 
to the preasure exerted by the steam on a surface equal to the base of the 
mercurial column. It may also be estimated by the height of a vertical 
column of water measured in feet \ or generally, the elastic force of any 
fluid may be compared with that of atmoapberie air when in its usual 
stale of temperature and density i this is equal to a column of mercury 80 
inches or a) feel in height. 

When the temperature of steam is increased, respect being had to its 
density, the elastic fore*, or che effort to separate the parts of the con- 
taining vessel and occupy a larger space, is also increased ; and when the 
temperature is diminished, a corresponding and proportionate diminution 
takes place in the intensity of the emancipating effort or elastic power. It 
consequently follows that there must be some law or principle connecting 
the teuperatore of steam with its elastic force ( and an intimate acquaint- 
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ance with this Ian, in so far as it is known, most be of the greatest Im- 
portance in all our researches respecting the theory and the mechanical 
operations of the itean engint. The precise form of the expression which 
expounds the true mathematical law or principle of elasticity, has never 
yet been rigorously ascertained, but recent investigations have put us in 
possession of numerous empirical forms, by which the results of several 
classes of very delicate and valuable experiments are represeuted with a 
sufficient degree of exactitude to answer all the demands of practice. These 
forms we mean to compare with one another, in ordtr to deduce an 
expression that may tiese represent che average results obtained, and 
ma^ at the same time be easily applicable to the uses of the practical 
engineer. 

It is not our intention, however, nor would it t>e consistent with the plan 
of our performance, to trace the steps of investigation by which these multi- 
tudinous fonnulie have been elicited ; but we may state that the general mode 
of procedure is by reference to a curve of such a nature, that the co-ordi- 
nates are respcccively indicated by the temperature of the steam, and the 
;■,.. ^1.1.. r,.^„ Ti.;. — .,,= ^j[] ^^ varioualy expounded 
"""""* "" " 'n every ci • 
. _ _ e, IB that . 

indicates the law of elasticity, and is that only whose value can be expressed 
by a legicimaCe formula. The other constants or coefficients by which the 
equations are affected, having their values depending on some gratuitous 
conditions, are beyond che powera of a direct analysis, and are, therefore, 
only deducible by some indirect process of approximation or trial and error, 
a mode of procedure of)en resorted to by analysts in reducing expressions 
of a complex and intricate character. But nocwithslanding chat it il 
foreign to our plan to enter into long aad elaborate ditaertacions respecting 
the dilatation and compression of elastic Quids, we should yet consider our 
laimurs as being very imperfect, did we not, in one instance at least, lay 
before our readera the method of delecting the law of elasticity ; and in 
order Ihal the process may be the more easily undentood, we shall pre- 
viously resolve the following very elegant and useful problem ; — Tofinia 
Ihenrem, by meant of which it mag U aicoiaintd vhtit a general lato uiits, 
lavt la dettrmine vAat Ihal law ii, in cases vAere it it iIhowii (o obtain. 

Suppose, for ciampte, that it is required to assign the CBCore of the law 
that subeiits between tbe cemperaCnre of sCeam and iu elastic force, on the 
Eupposilion that the elasticity is proportional to some power of (he temper- 
ature, and unaffected by any other constant or coefficient, except the 
exponent b^ which the law is indicated. Let E and t be any two values of 
the elasticity, and T, (, tbe corresponding lemperatores dednced trota 
observation. It is proposed to ascertain the powers of T and t, to which 
E and e are respecclvely proportionaL Let n denote the index or ex- 
ponent of the required power ; then hj the conditions of the problem 
admitting that a law exists, we get, T" : r : : E : < i but by the prin- 
ciples of proportion, it is —; — g ; and if this be expressed logatichmi- 



oally, it it ■ 
n, it finally b 
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The theorem that we have here obtained ii in it* fbrm tufBcientiy 

simple for practical application ; it is of frequent occurrence in physical 
science, but especially so in inquiries respecting the motion of bodies moving 
in air and other resisting media ) and it is even applicable to the determin- 
ation of the planetary motions themselves. The process indicated by it in 
the case that we have chosen, ia simply. To divide Ae difference of (At 
hgarithmt of tht tUuticitiet by the difference of tht logarithmt of the carre^ 
tponding lemperaturet, and the quotient mill axpress that power of the lemptra- 
tiire to which the elatlicity it proportional. 

Take as an example the following data: — In two experiments conducted 
by Mr. Southern, with bis customary attention to accnracy, it was found 
that when the temperature of steam was !50'3 and !H3-6 degrees of Fahren- 
heit's scale, the corresponding elastic forces were 59'6 and S3BA inches of 
the mercurial column respectively. From these data it is required to 
determine che law which conneiM the temperamre with the elastic force 
□a the tnppositioD that a law does actually exist under the specified con- 
ditions. The process by the role is as follows : — 
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Let the second of these remainders he divided by the first as directed in 
iSbit mle, and we get n^i 6020600 -r 1368333 >- 4 'dSQS, the exponent sought. 
Cooseqiienilj, bj taking the nearest unit for the Mke of simplicity, we 
shall hare, aecording to this result, the following analogy, yix. 

T*«:i*«::E:«; 

tiiat is, the elasdcities are proportional to the 4.4 power of the tempera- 
tures Tery nearly. 

Now this law is rigorously correct as applied to the particolar cases that 
ftimished it ; for if the two temperatares and one elasticity be given, the 
other elasticity will be found as mdicated by the above analogy ; or if the 
two elasticities and one temperature be given, the other temperature will be 
foond by a similar process. It by no means follows, however, that the 
prindple is general, nor could we venture to affirm that the exponent here 
obtained will accurately represent the result of any other experiments than 
those from which it is deduced, whether the temperature be higher or 
lower than that of boiling water ; but this we learn from it, that the index 
whidi represents the law of elasticity is of a very high order, and that the 
general equation, whatever its form may be, must involve other conditions 
than those which we have assumed in the foregoing investigation. The 
theorem, however, is valuable to practical men, not only as being applicable 
to numerous other branches of mechanical inquiry, but as leading directly 
to the methods by which some of the best rules have been obtained for 
calculating the elasticity of steam, when in contact with the liquid from 
whidi it is generated. 

We now proceed to apply our formula to the determination of a general 
law, or soeh as will nearly represent the class of experiments on which it 
rests ; and for this purpose we must first assign the Imiits, and then inquire 
under what conditions the limitations take place, for by these limitations we 
must in a great measure be guided in determining the ultimate form of the 
equation which represents the law of elasticity. 

The limits of elasticity will be readily assi^ed from the following con- 
siderations, vis. : in the first place it is obvious that steam cannot exist 
when the cohesive attraction of the particles is of greater intensity than the 
repulsive energy of the caloric or matter of heat interposed between them ; 
for in this case, the change from an elastic fluid to a solid may take place 
without passing through die intermediate stage of liquidity ; hence we mfer 
that there must be a temperature at which the elastic force is nothing, and 
tlus temperature, whatever may be its value, corresponds to the lower limit 
of elasticity. The higher limit will be discovered by similar considerations, 
for it must take place when the density of steam is the same as that of 
water, which therefore depends on the modulus of elasticity of water.* 
Thus, for instance, suppose a given quantity of water to be confined in a 
dose vessel which it exactly fills, and let it be exposed to a high degree of 
temperature, then it is obvious that in this state no steam would be 
ptidneed, and the force which is exerted to separate the parts of the vessel 
IS simply the expansive force of compressed water ; we therefore have the 
following proportion. As the expanded volume of water is to the quantity 
of expansion, so is the modulus of elasticity of water to the elastic force of 
steam of the same density as water. '^ 

Having therefore assigned the limits beyond which the elastic force of 
steam cannot reach, we shall now proceed to apply the principle of our 
formula to the determination of the general law which connects the tem- 
perature with the elastic force ; and for this purpose, in addition to the 
notation which we have already laid down, let c denote some constant 
qoantity that affects the elastidty, and d the temperature at which the 
elasticity vanishes ; then since this temperature must be applied subtractively, 
we have from the foregoing principle, c E = (T — 8)*, and c « = (t—^y. From 
either of these equations, therefore, the constant quantity c can be deter- 

mined in terms of the rest when they are known ; thus we have c^^ — sp-^ * 

and c « ^ -f and by comparing these two independent values of c, the 

value of n becomes known ; for ^ "1 ^" ^ ^ ~ ^ ^ and consequently 
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log. (/-«)— log. (T-«). • • • 

In this equation the value of -the symbol 9 is unknown ; in order therefore 
to determine it, we must have another independent expression for the value 
of a ; and in order to this, let the elasticities E and e, become E' and e* 
rcspectivdy ; while the corresponding temperatures T and t assume the 

values T' and f; then by a similar process to the above, we get^ — ^r-^^ 



(r-«) 



,and 



loge'-log. E' 



.(B). 



""log.(<'-«)— log.(T'-a) • • 

Let the equations (A) and (B) be compared with each other, and we 
shall then have an expression involving only the unknown quantity 8, for 

* The nodolut ofelastlcttT of anj tubttance is the meuure of iu elastic Tobte ; that of 
veter at €0° of temperature u 32,100 atmospheres. 



it must be understood that the several temperatures with their corre- 
sponding elasticities are to be deduced from experiment; and in conse- 
quence, the law that we derive from them must be strictly empirical ; thus 
we have 
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We have no direct method of reducing expressions of this sort, and the 
usual process is therefore by approximation, or by the rule of trial and 
error, and it is in this way that the value of the quantity S must be found; 
and for the purpose of performing the reduction, we shall select four of 
Mr. Southem*s experiments, which in a letter to Mr. Watt he describes as 
having been performed with great care, and may consequently be con- 
sidered as representing the law of elasticity with very great nicety. They 
are as follows : — 



T«212-0o Fahrenhdt 

t» 250*3 
T'« 293-4 

r- 343-6 



E» 29*8 inches of mercury. 

e- 59*6 
E'» 119-2 

e'» 238-4 



Therefore, by substituting these numbers in equadon (CX snd making a 
few trials, we find that 2 » —50°, and substituting this in either of the equa- 
tions (A) or (B), we get a-«5*08 ; and finally, by substituting these values 
of 5 and n in either of the expressions for the constant quantity c, we get 
r— 64674730000, the 5*08 root of which is 134*27 very nearly ; hence 
we have 



1 134-27 J • 



.(D). 



Where the symbol F denotes generalljjr the elastic force of the steam in 
inches of mercury, and i the corresponding temperature in degrees of Fah- 
renheit's thermometer. The logarithm of the denominator of the fraction 
is 2*1279717, which may be used as a constant in calculating the elastic 
force corresponding to any given temperature. We have thus discovered 
a rule of a very simple form, by which the results of Mr. Southern's ex- 
periments are represented with considerable accuracy; the rule errs in 
defect ; but this might have been remedied by assuming two points near 
one extremity of the range of experiment, and two points near the other 
extremity ; and by substituting the observed numbers in equation (0), 
different constants and a more correct exponent would accoixlingly have 
been obtained. Mr. Southern has, by pursuing a method somewhat ana- 
logous to that which is here described, foimd his experiments to be very 
nearly represented by 



r*+5l;3. 

1 135*767 J 



s'la 



But even here the formula errs in defect, for he has foimd it necessary 
to correct it by adding the arbitrary decimal 0*1 ; and thus modified, it 
becomes 



„ rl + 51*3 ^ »*w ^, 
^"i 13^767 } +°' 
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Our own formula may also be corrected by the application of some 
arbitrary constant of greater magnitude ; but as our motive for tracing the 
steps of investigation in the foregoing case was to exemplify the method 
of determining &e law of elasticity, our end is answered ; for we consider it 
a very unsatisfoctory thing merely to be put in possession of a formula 
purporting to be applicable to some particular purpose, without at the same 
time being put in possession of the method by which that formula was 
obtained, and the principles on which it rests. Having thus exhibited the 
principles and the method of reduction, the reader will have greater con- 
fidence as regards the consistency of the processes that he may be called 
upon to perform. The operation implied by equation (E) may be ex- 
pressed in words as follows : —- 

Rule. To the given temperature in deareet of Fahrenheit's thermometer add 
51*3 degrees and divide the sum by 135*767 ; to the 5*13 power of the 
quotient add the constant fraction -^ and the sum will be the elastic 
force in inches of mercury. 

The process here described is that which is performed by the rules of 
common arithmetic ; but since the index is affected by a fraction, it is 
difficult to perform in that way : we must therefore have recourse to 
logarithms as the only means of avoiding the difficulty. The rule adapted 
to these numbers is as follows : — 

Rin.E FOR LOGARITHMS. To the given temperature in degrees of FahrenhciCs 
thermometer add 5 1 *3 degrees ; then, from the logarithm qf the sum subtract 
2*1327940 or the logarithm of 135*767, the denominator of the fraction ; 
multiply the remainder by the index 5*13, and to the natural number 
answering to the sum add the constant fraction ^ ; the sum wiU be the 
elastic force in inches of mercury. 

Example, If the temperature of steam be 250*3 degrees as indicated by 
Fahrenheit's thermometer, what is the corresponding elastic force in inches 
of mercury ? 
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lutoral number EO'Ol 3 log. 1-7782493 
irthisbeincreMcdb;^ we get 60113 incbesof mercorjfortbe elutic 
force of Meun M 2S0-3 degree! of Fsbreobeit Our own formula gives 
59'G iocheg, being one of the poinu emplojed in Ita derivation ; we how- 
ever b7 no meBna advise Ibe application of this formula, we only >1st« the 
circamilance oa a proof of the soundneis of the principle on which it ii 
founded ; and if we had adopted the same points in the range of ezperimeot 
that Mr. Southern employed, il k more Ibsn probable that we should have 
obtained the same result, which would have been a conviucing proof that 
be pursued a method analogous to oar own, a ciroumstance tbat ia im- 
inedialely inferred from the form of the equation ilsel£ 

By simply reversing tbe process or transposiog equation (E), the t«m- 
perature corresponding to any given elastic force cao easily be foood i tbe 
transfbnned exprewion is as follows, viz., 

t-rl35-767(F-01)^-513 ....(F). 

Since, in consequence of the complicated index, the process of calculation 

cannot easily be performed by common arithmetic, il ia needless to give a 

rule for reducing the eqoation in that way ; we shall therefore at once give 

the rule for performing the process by logarithms. 

Rdlb. Fron the given eUuticforct m inchei o/mtrciay mbtrad Ok amtlanl 

fiaclim O'l ; dividt Utt togarithm of the remainder bg 913, and to the 

qialitKt add ihe logarithm 2' 1327940 -.findlhe natural tua^ier antwaiig 

ta the nan of the tagaritknu, and from lla nunAer tKiafaaad tabtract iKt 

comtant i\J3,and the remabtda- will be ike temperabire mughL 

Eiample. Supposing the elastic force of steam or the vapour of water to 

be equivalent to the weight of a vertical colomn of mercury, tbe height of 

which is 238-4 inches; what is the corresponding temperature in degrees 

of Fahrenheit's thermometer ? 

Here, by proceeding ai directed in the rule, wehave 33B-4— 0-l^S3B'3, 
and dividuig tbe logarithm of this remainder by tbe constant exponent 
5-13. we get 



required temperatore ~ 343-31 degrees of Fahrenheit's thermometer. 
The temperatore by observation is 343-G degrees, giving a difference of 
only 0-29 of a degree in defect, being aa small an error as can well be ex- 
pelled when a computed result is compared with another deduced fii>m 
experiment These two examples, and the niles by which tbe solutions 
are effected, will suffice to show the application of Mr. Southern's princi- 
ple* to the determination of the elastic force of steam when the temperacore 
If given, and also the temperature when tbe elastic force ia given. For 
low temperature or low pressure steam, that is. steam not exceeding 
the sim^ pressure of the atmosphere, this formula as modified by 
Pombonr agrees very nearly with the results of experiment, and wben 
transformed into tbe measures generally used in practical inquiries, it 
becomes 

,..•..... *(iy!5 p. ..(Gl. 

In which equation the symbol p denotes tbe pressnre in pounds avoir- 
dapois per square inch, and I tbe temperature in degrees of Fahrenheit's 
thermometer. When this expression is reduced in reference to tempera- 
te 155-T256(;i -0-04948^^-51-3 .... (H). 

We have dwelt thus particularly on Mr. Southern's fbrmula, because it 
baa long been considered by men of high authority as giving more correct 
results than can be obtained from the rules deduced by other experiment- 
alists ; indeed, had it been applicable with equal correctness to all tempera- 
lures within the range of practice, nothing more was wonting to enable the 
practical calculator to determine the several particulars coanectt-d with tbe 
applicaliou of steam as regards its pressure and temperature ; but finding 
it to deviate considerably from the truth In high ranges, miin of science 
became desirous of possessing a rule, by which the resolls of experiment 
should be more nearly represented, and accordingly we find that some of the 
mosieminentcbemical philosophers have bad their attention directed to the 
subject, and their joint researebes have supplied us with numerous formulee 
for representing the law which connects tbe temperature of steam with its 



elastic fbroe. The fbrmnia of Tredg<dd is well known ) it is also btmdcd on 
the experiments of Mr. Southe^^ and represents his results with great ac- 
curacy aa far as they extend j it conslilutes one of the simpleat and most 
elegant expressions for representing the law of elasticity that has yet been 
found, and this it owes to tbe cireumstance of involving no fractional nimi- 
beraj but this very circomstance has caused it to be objected to by sug- 
gesting the idea that the constants are merely assumed, and not deduced 
by a legitimate process trota the experimental data. The equation, in its 
original form, is 

ir7/'-/t-I00. . . . (1): 
where/ denote* tbe elastic force of the steam in inches of mercury, and 
( the temperature in degrees of Fafarenheil's thermometer. The same 
formula, as modified and corrected by Id. Millet, becomes 

l79-0773/*=/+103 .... (K), 
This expression is something more complex than the one it is intended 
to supersede ; but on trial we do not find it lo produce more correct results; 
our readen however can employ the one or the other as they feel inclined. 
Dr. Thomas Young construcled a formula which was adapted empirically 
to the experiments of Dr. Dallon ; it assumed a fbrm sufficiently Bim[Je and 
elegant, but involved a very high exponent ; it is thus expressed — 

/=C1+0-O0a9()' . . . . CL): 
where the aymbol / denote* the elastic force of tieam ezpresaed In at- 
mospheres of 30 inches of mereoiy, and t the temperatnre in degrees esti- 
mated above 213 of Fahrenheit This formula is not applicable in practice, 
especially in high temperatures, as it deviates very widely and rapidly from 
tbe results of observation : it is chiefly remarkable as being made the baslt 
of a numerous class of theorems somewhat varied, but of a more correct and 
aatisfactory characler. Mr. Creighton applied a similar expression to Dr. 
Ure's experiments; but in orderto represent tbem even approximately, he 
found it necessary to change tbe constant exponent from 7 to 6, making at 
the same time a correspondent alteration on tbe other constants which the 
expression contains. The Commission of the French Academy represented 
their experiments by means of a formula construcled on the same principles ; 
it is thus expressed — 

f-(l+0-1ii3ty .... (M): 
wherey denotes the elaatic force of the atesm expressed in atmosphere* 
of 0'7G metrea or S9-92B inches of mercury, and t the temperatare esti- 
mated above 100 degrees of the centigrade thermometer; but when the 
same formoht is ao transformed a* to be expressed in the usual terma 
adapted in practice, it is 

y-CO-a679 -t-0-006758S ()■.... (S): 
where ;> is the pressure in pounds per square inch, and t the temperature 
in degieetof Fahrenheit's scale, estunalcd above S19 or timple atmoa^erio 

Tbe committee of the Franklin Institute adopted the exponent 6, and 
changed Dr. Young's constants 0-0029 into 0-00333 ; thus modiBed, they 
represented their experiments in the usual terma by the equation 
p={O-46O467+0-O052H78 ()■. . . . (O). 

By combining Dr. Dalton's experiments with tbe mean between those of 
the Freneb Academy and the Franklin Institute, we obtain the following 
equations, tbe one being applicable for temperatures below 21! degrees, and 
the olber for temperatures above Chat point as hr a* SO atmosnherea. 
Thus, for low pressure steam, that ia, for steam of lest ti 



/-CiF)-"" ■ ■ •<"'■ 

m above the temperatare of 313, it is 



In consequence therefore of the high and imposing inthority &om which 
these formnlie are deduced, we shall adopt them in all our subscqueut cal- 
culations relative to the steam engine ; and in order (o render their appli- 
cation easy and familiar, we shaQ translate them into rules in words at 
length, and illustrate them by tbe resolution of appropriate numerical 
examples; and forthesakeof a systematic arrangement, we think proper to 
branch tbe subject into a series of problems, as follows: — 
\ 

The problem, as here propounded, is resolved by one or other of the two 
last equations, and the process indicated by the trrongement is thus 
expressed: — ■ 

Bole. To the given temperatnre expreased in degrees of Fahrenheit'* 

thermometer, add tbe constant temperature 175; find the logarithm an- 
swering to tbe sum, from which sabtracl the conatant 2-SS7711 : multiply 
the remainder by tbe index 7-71307, and the product will be the logarithm 
of the elastic foree in atmospheres of 30 inches of mercury when tbe girtn 
temperature is lessthan 212 degrees. But wben the temperature is greaier 
than 212. increase it by 121 ; tlien, from the logarithm of the lemperalut* 
thus increased, subtni^ the conftant logarithm 3-532444, multiply the 
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remiinder bj tbit exponent 6'4a, Mid the prodact nUI be tbe logiriihm oT 
Ibe elMtie force in Uniiwpberei of 30 iacbes of mercuiyi which being- 
nnlliplied by 30 viU give tbe force in inches, or if multiplied bf 1476 
Ae remit vUl be ezpreued in pounds avoirdupois per tqnare inch.. 

Eiaaifle. When iteun is generated onder a temperature of 1S7 degreet 
of Fahrenheit'i thermometer, what ii its corresponding elastic force in at- 
BOipheres of SO inches of mercury t 

la this example, the given temperatiire i« less than 312 degreei : it will 
Ikeretbre be reeolved by the fint claiue of the preceding rule, in which the 
tdditiTe conitant is 175 ; hence wc get 

187 + 175-363 - - log. S-BSSTOS 
CoDAnt divisor — 387 - - log. S-a877n subtract 

9-970998 K 771307-9773393 
And the correipoiidiiig natnral number is 0'5934 atmospheres, or 17'80S 
mchei of inerciiry, the elastic force reqmred, or if expressed in pounds per 
^nare inch, it is 0-5934 k 14-76 — 8-7elbs, very nearly. If tlietempersiar« 
be 150 degrees of Fahrenhdt, the process is as follows : — 

SSO + 121 - 371 - - log. fi'SG9374 
Cimitant divisor - 333 - - tog. 5-522444 subtract 

0'O4693Ox6'4S-O-30I!91 
Aod the correapondiog natural Domber is 3-0012 atmospheres, or 60-03B 
ioebe* of mercury, and in pounds per square inch it is 2-0013 x 1476 
M 29-54 lbs. very nearly. 

It is sometime* convenient to express the results in inches of mercory 
without a previous detenninaUon in atmospheres, and for this purpose the 
rale is simply as follows : — 

R111.E. Holtiplj the g^vea temperature in degrees of Fihrenbeit's ther- 
nometer by the coastnnl coefficient 1-5543, aad to the product add the eon- 
Mant number 271-9B5 ; then from the logarithm of the sum inbtrscl the 
constant logarithm 2-587711, and multiply the remainder by the exponent 
771307 ; the natural nnmber susireTiug to the product, cooiidered as a 
logarithm, will give the elastic force in inches of mercnry. This answers 
to the ease when the lemperatare is less than 212 degrees ; but when it ii 
above that point proceed as follows; — 

Unltiply the given temperature in degrees of Fahrenheit's thermometer 
by the constant coefflcient 1-69856, and to the product add the constant 
nnmber 305-533 1 then from the logarithm of the sum subtract the constant 
loftrithm S-S33444, aud multiply the renuunder by the exponent 6'42 g tbe 
ntnml nambeT answering to the product considered as a logarithm, will 
^vc the elastic force in inches of mercnry. Tske, for examph ' 



wratnre* ti 
Mows; — 



as assumed above 



d the process according to the rule is 



0-1635Oa K 77I307-1-3S340B 
And the natural nnmber aniwering to this logarithm is 17-933 inches of 
mercnry. By the preceding calculation the result ia 17-802 ; the slight 
diffierence arises from the introduction of the decimal constants, which in 
eomeqnence of not terminating at the proper place are taken to the 
nearest unit in the last Ggnre, hot tbe process is equally true notviih- 
ttanding. For the higher temperstuK, we gel 
150x1-69856 - 424-340 



Conttaot ^ 333 • 

0-277011 x6'42 = 1778410 
And the natonl number iiuweiing to this logarithm is 60-036 inci 
■wrenrj, agreong exactly with the result obiained a» sbove. 

It is moreover sometime* convenient to express tbe force of the 
la poonds p«r •qoare inch, wiiboat a previous determination in Mmosi 
or inches of mercury ; and when the equations are modified for that pur- 
pose, they supply us with the following process : viz. 

Multiply the given temperature by the constant coefficient I-4I666, and 
to the product add tbe constant number 247-9 155 ; then, from the logarithm 
«f the stun subtract the constant logarithm 3-587711, and mnltiply the re- 
mainder b^ the index 7-71307; the natural number answering to the 
product will give the pressure in pounds per square inch, when the 
temperature is less than 3 1 2 degrees ; but for all greater temperatures tbe 
process is asfbUoTs: — 

Mnltiply the given lemperatare by the constant coefficient 1-5209, and 
10 the product add the constant number 184*0289 ; then, from the logarithm 
oTthe sum snbtrecl tbe constant logarithm 2-522444. and multiply tbe re- 
mainder by the eiponent 6-42 ; the natural or common number answering 
to the product, will express tbe force of the steam in pnunds per square inch. 
If any of Ibese results be multiplied by the decimal U'7S^4. the product will 



be the corresponding pressure in pounds per circular inch. Taking there- 
fore the lemperaiures previously employed, the operation is as Ibllows : 

187x1-41666 - 264-9155 
Constant - 347-9155 add 



0-132263 X 771307 •■0'942656 
And the number answering to this logarithm ie 8-763 lbs. per sqnare inch, 

and 8-763x0-7854 — G-8824 lbs. per circular inch, the proportioa in thelwu 
cases being as 1 to 0-7554. A^iu, for the higher temperature, it is 
350 X 1-5209 — 380-3250 
Constant — 184-0289 add 



0-229031 k6'43 — l-«703'9 

And the number answering to this logarithm is 29568 lbs. per square inch, , 
or 39568 X 0-7854 ^23 -3226lbs per circuhu- inch. 

We have now to reverse the proceia, and determine the temperature cor- 
responding to any given power of the steam, and for this purpoee we must 
so transpose tbe formidte (,P) and(Q}, as to express the temperature in terms 
of the elastic fbrce, combined with given constant number* ; but a* it it 
probable that many of our readera woald prefer to see the theorems from 
which the rules are deduced, we here subjoin them. 

For the lower temperature, or that which does not exceed the temper- 
ature of boiling water, we get 

/=249/'"^^-17a .... (R). 
Where ( denoles the temperature indegreesof Fahrenheit's thermometer, 
and/ the elastic force in inches of mercury, less thsn 30 inches, or one at- 
mosphere ; but when the elastic force is greater than one atmosphere, the 
formula for the eorreipondlng temperature is as follows — 

(-196/*-"-121 .... (S). 
In the constmction of these formnlie, we have, for the sake of simpUcity, 
omitted the fractions that obtun in the coefficient of/; for since they are 
very small, the omission will not produce an error of any consequence ; 
indeed no error will arise on this acconnt, at we retain the correct loga- 
rithms, a circumstance that enables the computer to ascertain the true 
value of the coefficients whenever il is necessary so to do; but in all eases 
of actual practice, the results derived from the integral coefficients will be 
quite sufficient. The rule supplied by the equations (R) and (8) is thus 

when the elastic fbrce is less than the pressure of the umospbere, 

that is, less than 30 inches of the mercurial column, — 

RlTLB. Diride tbe logarithm of the given elastic force in inches of mer- 
cury, by the constant index 7-71307, and to the quotient add the constant 
logarithm 2-396204 ; then from the common or natural number answering 
to the sum, sublracl the constant temperature 175 degrees, and the 
remainder will be the temperature sought in degrees of Fahrenheit's 
thermometer. But when the ebutic force exceeds 30 inches or one at- 
mosphere, the following rule applies: — 

Divide the logarithm of the given elastic force in inches of mercury by 
the constant index 6-43, and to the quotient add the constant logarithm 
3-392363 -, then, from the natural number answering to the sum subtract 
the constant temperature 1 2 1 degrees, and the remainder will be the tem- 
perature EODgbt. Similar rules might be constructed for determining the 
temperature, when the pressure in pounds per square inch is given ; bot 
since this is a less useful case of the problem we have tbonghl proper to 
omit it We therefore proceed to exemplily the above rules, and for Ibia 
purpose we shall suppose the pressure in the two cases to be equivalent to 
the weight of 19 and 60 inches of mercury respectively. The operation 
will therefore be at follows; — 



Required tempctatore - 1897S degrees of Fahrenheit's scale. 
For the higher elastic fbrce, the operation is as follow* : — 
Log. 60 + 6-42 = 1778151+6-48-0-376969 
Constant coefficient - 196 - log. 3-293363, add 



Required temperature = 349-97 degrees of Fahrenheit's scale. 

All the preceding results, as computed by our rules, agree as nearly 

* - ~^be desired; but thej have all been obtained on the 



h observatiOB as ci 
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Bupposition that the steam is in contact with the liquid from which it is 
generated ; and in this case it is evident that the steam must always attain 
an elastic force corresponding to the temperature ; and in accordance to any 
increase of pressure, supposing the temperature to remain the same, a quan- 
tity of it corresponding to the degree of compression must simply he con- 
densed into water, and in consequence will leave the diminished space 
occupied hy steam of the original degree of tension ; or otherwise to 
express it, if the temperature and pressure invariahly correspond with 
each other, it is impossible to increase the density and elaisticity of the steam 
except by increasing the temperature at the same time ; and contrariwise, 
the temperature cannot be increased without at the same time increasing 
the elasticity and density. This being admitted, it is obvious that under 
these circumstances the steam must always maintain its maximum of pres- 
•ure and density: but if it be separated firom the liquid that produces it, 
and if its temperature in this case be increased, it will be found not to 
possess a higher degree of elasticity than a volume of atmospheric air 
similarly confined, and heated to the same temperature. Under this new 
condition, the state of maximum density and elasticity ceases ; for it is 
obvious that since no water is present, there cannot be any more steam 
generated by an increase of temperature ; and consequently the force of 
the steam is only that which confines it to its original bulk, and is measured 
by the effort which it exerts to expand itself. Our next object therefore is 
to inquire what is the law of elasticity of steam under the conditions that 
we have here specified. 

The specific gravity of steam, its density, and the volume which it 
occupies at different temperatures, have been determined by experiment 
with very great precision; and it has also been ascertained that the expan- 
sion of vapour by means of heat is regulated by the same laws as the 
expansion of the other gases, viz., that all gases expand from unity to 1*375 
in bulk by 180 degrees of temperature ; and again, that steam obeys the 
law discovered by Boyle and Mimotte, contracting in volimie in proportion 
to the degree of pressure which it sustains. We have therefore to inquire 
what space a given quantity of water converted into steam will occupy at a 
given pressure ; and from thence we can ascertain the specific gravity, den- 
sity, and volume at all other pressures. 

When a gas or vapour is submitted to a constant pressure, the quantity 
which it expands by a given rise of temperature is calculated by the 
following theorem. 



V£ + 459/ 



(T) 



where t and If are the temperatures and v, t/ the corresponding volumes 
before and after expansion ; hence this rule. 

RiTLE. To each of the temperatures be/ore and after expaneion^ add the 
constant experimental number 459 ; divide the greater sum hy the lesser^ and 
multiply the quotient by the volume at the lower temperature, and the product 
will give the expanded volume. 

Example, If the volume of steam at the temperature of 212 degrees of 
Fahrenheit be 1711 times the bulk of the water that produces it ; what will 
be its volume at the temperature of 250*3 degrees, supposing the pressure to 
be the same in both cases ? 

Here, by the rule, we have 212 + 459 = 67 1 , and 250*3 + 459 » 709*3 ; con- 
sequently, by dividing the greater by the lesser, and multiplying by the 

709*3 
given volume, we get -^=t- x 171 1 =1808*66 for the volume at the tem- 
perature of 250*3 degrees. 

Again, if the elastic force at the lower temperature and the corresponding 
volume be given, the elastic force at the higher temperature can readily be 
found ; for it is simply as the volume the vapour occupies at the lower 
temperature is to the volume at the higher temperature, or what it would 
become by expansion, so is the elastic force given to that required. 

If the volume which steam occupies under any given pressure and tem- 
perature be given, the volume which it will occupy under any proposed 
pressure can readily be found by reversing the preceding process ; or by 
referring to chemical tables containing the specific gravity of the gases 
compared with air as unity at the same pressure and temperature. Now 
air at the mean state of the atmosphere has a specific gravity of 1{ as com- 
pared with water at 1000 ; and the bulks are inversely as the specific 
gravities, according to the general laws of the properties of matter previously 
announced in the pages of this work ; hence it follows that air is 818 times 
the bulk of an equal weight of water, for 1000-rlJ = 818*18. But by the 
experiments of Dr. Dalton, it has been found that steam of the same 
pressure and temperature hsis a specific gravity of '625 compared with air 
as unity ; consequently, we have only to divide the nimibcr 818*18 by '625, 
and the quotient will give the proportion of volume of the vapour to one 
of the liquid from which it is generated ; thus we get 818*18-;- '625 = 1309; 
that is, the volume of steam at 60 degrees of Fahrenheit, its force being 
30 inches of mercury, is 1309 times the volume of an equal weight of 
water ; hence it follows, from equation (T), that when the temperature 
increases to f, the volume becomes 

(459 + 1' \ 

and from this expression, the volume corresponding to any specified elastic 



force/, and temperature t\ may easily be found; for it is inversely as the 
compressing force ; that is, 

/: 30::2'525(459+O:t^'; 

consequently, by working out the analogy, we get 

75-67(459 + /'> 



f 
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By this theorem is found the volume of steam as compared with that of 
the water producing it, when under a pressure corresponding to the tem- 
perature. The rule in words is as follows : 

Rule. Calculate the dastic force in incites of mercury hy the nde already 
given for that purpose, and reserve it for a divisor. To the given temperature 
add, the constant number 459, and multiply the sum by 75*67 ; then divide the 
product hy the reserved divisor, and the quotient wdl give the volume sought 

Example, When the temperature of steam is 250*3 degrees of Fah* 
renheit*s thermometer, what is the volume, compared with that of water? 

The temperature being greater than 212 degrees, the force is calculated 
by the rule to equation (Q), and the process is as follows : 
250'3-l-121=371'3 log. 2*5697249 

Constant divisor » 333 log. 2*5224442, subtract 

0*0472807 X 6*42=0*3035421 
Atmosphere = SO mches of mercury log. 1*47 7 1 2 13, add 

Elastic force = 60*348 log. 1*7806634 1 
Again it is, I ^^^ 

459 + 250*3-709*3 log. 2*85083001 ^, > subtract 

Constantcoefficient=75*67 log. 1*8789237 J 4*7297637j 

Volume =889*39 times that of water, log. 2*9490903 remainder. 

Thus have we given the method of calculating the elastic force of steam 
when the temperature is given either in atmospheres or inches of mercury, 
and also in pounds or the square or circular inch : we have also reversed 
the process, and determined the temperature corresponding to any given 
elastic force. We have, moreover, shown how to find the volume corre- 
sponding to different temperatures, when the pressure is constant ; and finally, 
we have calculated the volume, when under a pressure due to the elastic 
force. These are the chief subjects of calculation as regards the properties 
of steam ; and we earnestly advise our readers to render themselves fiimiliar 
with the several operations. The calculations as regards the motion of 
steam in the parts of an engine to produce power, will be considered in 
another part of the present treatise. 

The equation (U), we may add, can be exhibited in a different form 
involving only the temperature and known quantities ; for since the ex- 
pressions (P) and (Q) represent the elastic force in terms of the temperature, 
according as it is under or above 212 degrees of Fahrenheit, we have only 
to substitute those values of the elastic force when reduced to inches of 
mercury, instead of the symbol /in equation (U), and we obtain, when the 
temperature is less than 212 degrees, 

Volume =75*67(temp.+459)-r(0*0O4016xtemp. + 0*702807y"»^ (V) 

and when the temperature exceeds 212 degrees, the expression becomes 

Volumes 75*67(temp. +459)-r 00*005101 x temp. + 0*617 195)«*« (W) 

These expressions are simple in their form, and easily reduced ; but, in 
pursuance of the plan we have adopted, it becomes necessary to express 
the manner of their reduction in words at length, as follows : 

Rule. When the given temperature is under 212 degrees, multiply the tem- 
perature in degrees of Fahrenheit's thermometer by the constant fhu^tion 
0*004016, and to the product add the constant increment 0*702807 ; multiply 
the logarithm of the sum by the index 7*71307, and find the natural or 
common number answering to the product, which reserve for a divisor. I'o 
the temperature add the constant number 459, and multiply the sum 
by the coefficient 75*67 for a dividend ; divide the latter result by the 
former, and the quotient will express the volume of steam when that of 
water is unity. 

Agun, when the given temperature is greater than 212 degrees, 
multiply it by the fraction 0*005101, and to the product add the constant 
increment 0*617195 ; multiply the logarithm of the sum by the index 6*42, 
and reserve the natural number answering to the product for a divisor; 
find the dividend as directed above, which, being ^vided by the divisor, 
will give the volume of steam when that of the water is unity. 

Example. How many cubic feet of steam will be supplied by one cubic 
foot of water, under the respective temperatures of 187 and 293*4 degrees 
of Fahrenheifs thermometer ? 

Here, by the rule, we have 

187 X 0*004016=0*750992 
Constant increment =0*702807 



Sum= 1*453799 log. 0*1625043 x 7*71307= 1.2534069 
and the number answering to this logarithm is 17*92284, the divisor. But 
187 + 459 =^646, and 646 x 75*67=48882*82, the dividend;hence, by division, 
we get 48882*82-^17*92284=2727*4 cubic feet of steam from one cubic 
foot of water. 
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Again, for tlie higber temperature, it is 

S93-4 X 0*005101 » 1-496633 
Constant increment » 0*6 1 7 195 



Sam 8*113828 - log. 0*3250696 x 6*42 «2*0869468 ; 

■nd tbe number answering to this logarithm is 122*165, the divisor. Bat 
S93-4-i-459>-752*4,and752*4 x75*67«56934*108, thedividend; therefore, 
bj diTision, we get 56934*108 -M22*1 65 =466*04 cubic feet of steam from 
one cnblc foot of water. 

Tbe preceding is a yery simple process for calculating the volume which 
tbe tteam of a cubic foot of water will occupy when under a pressure due 
to a given temperature and elastic force ; and since a knowledge of this 
partiealar it of the utmost importance in calculations connected with the 
•team engine, it is presumed Uiat our readers will find it to their advantage 
to render themselves familiar with the method of obtaining it. The above 
example includes both cases of the problem, a circumstance which gives to 
tbe operation, considered as a whole, a somewhat formidable appearance: 
bat it would be difficult to conceive a case in actual practice where the 
application of both the formulse will be required at one and the same time; 
the entire process must therefore be considered as embracing only one of 
tbe cases above exemplified ; and consequently it can be performed with 
the greatest ease and facility by every person who is acquainted with the 
use of logarithms ; and those unacquainted with the application of logarithms 
oaght to make themselves masters of that very simple mode of computation. 

Another thing which it is necessary sometimes to discover in reason- 
ing on the properties of steam as referred to its action in a steam 
eni^e, is the weight of a cubic foot, or any other quantity of it, expressed 
in grains, corresponding to a given temperature and pressure. Now, it has 
been ascertained by experiment, that when the temperature of steam is 60 
deinees of Fahrenheit, and the pressure equal to 30 inches of mercury, the 
weight of a cubic foot in grains is 329*4 ; but the weight is directly propor- 
tional to the ebstic force, for the elastic force is proportional to the 
density : consequently, if/ denote any other elastic force, and to the weight 
in grams corresponding thereto, then we have 

30 :/:: 329*4 : id=io-98/, 

the weight of a cubic foot of vapour at the force /, and temperature 60 
degrees of Fahrenheit. Let t denote the temperature at the force/; then 

459 + 1 459 + / 
by equation (T), we have v^ --- — -^ '" ~^a~» *^® volume at the tem- 

4o9 + oO 519 

perature f, supposing the volume at 60 degrees to be unity ; that is, one 
cubic foot Now, since the densities are inversely proportional to the spaces 

•^•'^"459+V^'^* 



tbeTapoar occupies, we ^^e— ^ : 1 :: 
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hjf the preceding umlogy, the value of u; is 10*98/; therefore, by substitu- 
tion, we get 



«/«, ^<>98*C2/ 
" 459 + < 



(X). 



This equation expresses the weight in grains of a cubic fbot of steam at 
fhetemperatnre I and force/; and if we substitute the value of/, fh>m equa- 
1ioii8(P) and (Q) , reduced to inches of mercury, and modified for the two 
eases of temperature below and above 212 degrees of Fahrenheit, we shall 
obtain, in the first case, 

ii/-(0-012324xtemp. + 215561iy*"»^-5.(temp.+459). . . . (Y) 

and for the second case, where the temperature exceeds 212, it is 

w^-i(0*0l962 X temp. +2*37374y*«-r(temp. +459) , . . (Z) 

These two equations, like those marked (V) and (W), are sufficiently 
simple in their form, and offer but little difficulty in their application. The 
rule for their reduction, when expressed in words at length, is as follows: 

RcLB. When the temperature is less than 212 degrees, multiply the 
pven temperature, in degrees of Fahrenheit's thermometer, by the fhiction 
0^12324, and to the product add the constant increment 2*155611 ; then 
aaltiply the logarithm of the sum by the index 7*71307, and fh>m the pro- 
doet subtract the logarithm of the temperature, increased by 459 ; the 
natural number answering to the remainder will be the weight of a cubic 
foot in grains. 

Again, when the temperature exceeds 212, multiply it by the fraction 
0*01962, and to the product add the constant increment 2*37374 ; then 
maltiplj the logarithm of the sum by the index 6*42, and from the product 
subtract the logarithm of the temperature increased by 459 ; the natural 
number answering to the remainder will be the weight of a cubic foot in 
gnuna. 

JSjrosiple. Supposing the temperatures to be as in the preceding excmple, 
what will be the weight of a cubic foot in grains for the two cases? 
Here, by tbe rule, we have 

ISTXO-OISSM » S-S04M8 
OoMUnt locrement >- S- 15661 1 



Stun B 4-460199 - log. 0-6493^2x7*71307 « A008A148 
lt744S6«i646 log. 2-SI023S6, lubtract 

Katonl aoBbtr » 167*888 gralat per cubic foot • log. S*10S8S18 



For the higher temperature, it is 

ft-756508 
S 873740 



S98-4xO(M96'i> 
CoDsUnt increment 



Sum >- 8130'i4S - log. 0-9101038x6-42 = 8*8428664 
293-4<f4S9» 768-4 .... log. 2*8764488, subtract 



- log. 8 9664176. 

of the problem ; but in 



Natural number » 926*69 grftini per cubic foot 

Here again the operation resolves both 
practice only one of them can be required. 



THE MOTION Of ELASTIC FLUIDS. 

The next subject that claims our attention is the velocity with which 
elastic fluids or vapours move in pipes or confined passages. It is a well- 
known fact in the doctrine of pneumatics, that the nioiion of free elastic 
fluids depends upon the temperature and pressure of the atmosphere ; and, 
consequently, when an elastic fluid is confined in a close vessel, it must be 
similarly circumstanced with regard to temperature and pressure as it 
would be in an atmosphere competent to exert tbe same pressure upon it. 
The simplest and most convenient way of estimating the motion of an 
elastic fluid is to assign the height of a column of uniform density, capable 
of producing the same pressure as that which the fluid sustains in its state 
of confinement ; for under the pressure of such a column, the velocity into 
a perfect vacuum will be the same as that acquired by a heavy body in 
falling through the height of the homogeneous column, a proper allowance 
being made for the contraction at the aperture or orifice through which the 
fluid flows. 

When a passage is opened between two vessels containing fluids of dif- 
ferent densities, the fluid of greatest density rushes out of the vessel that 
contains it, into the one containing the rarer fluid, and the velocity of influx 
at the first instant of the motion is equal to that which a heavy body ac- 
quires in falling through a certain height, and that height is equal to the 
diflference of two uniform columns of the fluid of greatest density, competent 
to produce the pressures under which the fluids are originally conflned ; 
and the velocity of motion at any other instant is proportional to the square 
root of the diflference between the heights of the uniform columns producing 
the pressures at that instant Hence we infer that the velocity of motiou 
continually decreases, — the density of the fluids in the two vessels approach- 
ing nearer and nearer to an equality, and after a certain time an equilibrium 
obtains, and the velocity of motion ceases. 

It is abundantly confirmed by observation and experiment, that oblique 
action produces very nearly the same effect in the motion of elastic fluids 
through apertures as it does in the case of water ; and it has moreover 
been ascertained that eddies take place under similar circumstances, and 
these eddies must of course have a tendency to retard the motion : it tbere« 
fore becomes necessary, in all the calculations of practice, to make some 
allowance for the retardation that takes place in passing the oriflce ; and 
this end is most conveniently answered by modifying the constant co- 
eflicient according to the nature of the aperture through which the motion 
is made. Numerous experiments have been made to ascertain the effect 
of contraction in orifices of different forms and under different conditions, 
and amongst those which have proved the most successful in this respect, 
we may mention the experiments of Du Buat and Eytelwein, the latter 
of whom has supplied us with a series of coefficients, which, although not 
exclusively applicable to the case of the steam engine, yet, on account of 
their extensive utility, we take the liberty to transcnbe. They are as 
follow : — 

1. For the velocity of motion that would result from the 

direct unretarded action of the column of the fluid 

that produces it, we have - - - - 3V— ^S79h 

2. For an orifice or tube in the form of the contracted 
vein -----. loV 

3. For wide openings having the sill on a level with the 1 
bottom of the reservoir - - - 'lioV 

4. For sluices with walls in a line with the orifice - | 

5. For bridges with pointed piers - - - J 

6. For narrow openings having the sill on a level with" 
the bottom of the reservoir 

7. For small openings in a sluice with side walls 

8. For abrupt projections - - - 

9. For bridges with square piers 

10. For openings in sluices without side walls - - IQV 

11. For openings or orifices in a thin plate - - V 

12. For a straight tube from 2 to 3 diameters in length 

projecting outwards - - - - lOV: 

IS. For a tube from 2 to 3 diameters in length projecting 
inwards -----. lOV^ 



^6084A 



'V/5929A 



>10V«^/476U 



.^260lA 
V2bh 

^/4225 



^/2976-25A 

It is necessary to observe, that in all these equations V is the velo- 
city of motion in feet per second, and A the height of the column pro- 
ducing it, estimated also in feet. Nos. 1, 2, 11, 12, and 13 are those which 
more particularly apply to the usual passages for the steam in a steam 
engine ; but since all the others meet their application in the every-day 
practice of tbe civil engineer, we have thought it useful to supply them. 
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The Ascent of Smoke in Chimneys. 



UOTION OF STEAM IN AN ENGINE. 



We have already stated that the best method of estimating the motion of 
an elastic fluid, such as steam or the vapour of water, is to assign the hei^rht 
of a uniform column of that fluid capable of producing the pressure : the 
determination of this column is therefore the leading step of the inquiry; 
and since the elastic force of steam is usually reckoned in inches of mer- 
cury, 30 inches being equal to the pressure of the atmosphere, the subject 
presents but little difficulty ; for we have already seen that the height of a 
column of water of the temperature of 60 degrees, balancing a column of 
30 inches of mercury, is 34*023 feet ; the corresponding column of steam 
must therefore be as its relatire bulk and elastic force ; hence we have 
30 : 34-023 :fv : A «m 341/0, where /is the elastic force of the steam in 
inches of mercury, v the corresponding volume or balk when that of water 
is unity, and h the height of a uniform colunm of the fluid capable of pro- 
ducing the pressure due to the elastic force ; consequently, in the case of 
a direct unretarded action, the velocity into a perfect vacuum, according to 

No. 1 of the preceding chiss of formula, is V« 8*542 V/iT; but for the best 
form of pipes, or a conical tube in form of the contracted vein, the velocity 

into a vacuum, according to No. 2, becomes Vs 8*307 v/v ; and for pipes 

of the usual construction, No. 12 gives Va> 6*922 v/t;; No. 13 gives Vs 

5-804 v/t; ; and in the case of a simple orifice in a thin plate, we get from 

No. 11 Vb 5*322 v/v. The consideration of all these equations may oc- 
casionally be required, but our researches will at present be limited to that 
arising from No. 12, as being the best adapted for general practice ; and for 
the purpose of shortening the investigation, we shall take no further notice 
of the case in which the temperature of the steam is below 212 degrees of 
Fahrenheit ; for the expression which indicates the velocity into a vacuum 
being independent of the elastic force, a separate consideration for the two 
?ases is here unnecessary. 
It has been shown in the equation marked (U), that the volume of steam 

which is generated from an unit of water, is v^ ^ — -^ i 5 let 

this value of o be substituted for it in the equation V » 6*922 V/v, and we 
obtain for the velocity into a vacuum for the usual form of steam passages, 
as follows, vii., 

V- 60*2143 ^/(temp. + 459) 

This is a very neat and simple expression, and the object determined by 
it is a very important one : it therefore merits the reader's utmost attention, 
especially if he is desirous of becoming familiar with the calculations in 
reference to the motion of steam. The rule which the equation supplies, 
when expressed in words at length, is as follows : — 

Rule. To the temperature of the steam, in degrees of Farenheifs thermos 
meter, add the constant number or increment 459, and multiply the square 
root of the sum by 60*2143; the product wiU he the velocity with which the 
steam rushes into a vacuum in feet per second. 

Example, With what velocity will steam of 293*4 degrees of Fahren- 
heit's thermometer rush into a vacuum when under a pressure due to the 
elastic force corresponding to the given temperature. 

By the rule it is 293*4 + 459 » 752.4 - \ log. 1*4382244 

Constant coefficient »60*214S - log. 1*7797018 add 

Velocity into a vacuum in feet per second » 1651*68 log. 3*2179262 

This is the velocity into a perfect vacuum, when the motion is made 
through a straight pipe of uniform diameter ; but when the pipe is alter- 
nately enlarged and contracted, the velocity must necessarily be reduced 
in proportion to the nature of the contraction ; and it is further manifest, 
that every bend and angle in a pipe will be attended with a correspondent 
diminution in the velocity of motion : it therefore behoves us. In the actual 
construction of steam passages, to avoid these causes of loss as much as 
possible ; and where they cannot be avoided altogether, such forms should 
be adopted as will produce the smallest possible retarding effect In 
cases where the forms are limited by the situation and conditions of con- 
struction, such corrections should be applied as the circumstances of the 
case demand ; and the amount of these corrections must be estimated ac- 
cording to the nature of the obstructions themselves. For each right-angled 
bend, the diminution of velocity is usually set down as being about one- 
tenth of its unobstructed value ; but whether this conclusion be correct or 
not, it is at least certain that the obstruction in the case of a right-angled 
Dcnd is much greater than in that of a gradually curved one. It is a very 
common thing, especially in steam vessels, for the main steam pipe to send 
off branches at right angles to each cylinder, and it is easy to see that a great 
diminution in the velocity of the steam must take place here. In the ex- 
pansion valve chest a further obstruction must be met with, probably to the 
extent of reducing the velocity of the steam two-tenths of its whole amount 

These proportional corrections are not to be taken as the results of ex- 
periments that have been performed for the purpose of determining the effect 
of the above causes of retardation : we have no experiments of this sort on 
which reliance can be placed ; and, in consequence, such elements can only 
be inferred from a comparison of the principles that regulate Uie motion c^ 



other fluids under similar circumstances : they will, however, greatly assist 
the engineer in arriving at an approximate estimate of the diminution that 
takes place in the velocity in passing any number of obstructions, when 
the precise nature of those obstructions can be ascertained. In the gene- 
rality of practical cases, if the constant coefficient 60*2143 be reduced in 
the ratio of 650 to 450, the resulting constant 41*6868 may be employed 
without introducing an error of any consequence. 

OF THE ASCENT OF SMOKE AND HEATED AIR IN CHIMNETS. 

The subject of chinmey flues, with the ascent of smoke and heated air, 
is another case of the motion of elastic fluids, in which, by a change of 
temperature, an atmospheric column assumes a different density from 
another, where no such alteration of temperature occurs. The proper 
construction of chimneys is a matter of very great importance to the prac- 
tical engineer, for in a close fireplace, designed for the generation of 
steam, there must be a considerable draught to accomplish the intended 
purpose, and this depends upon the three following particulars, viz. 

1. The height of the chimney from the throat to the top. 

2. The area of the transverse section. 

3. The temperature at which the smoke and heated air are allowed to 
enter it 

The formula for determining the power of the chimney may be inves- 
tigated in the following manner. 

Put A»the height in feet from the place where the flue enters to the top 
of the chimney, 
6 b the number of cubic feet of air of atmospheric density that the 

chimney must discharge per hour, 
a»the area of the aperture in square inches through which b cubic 
feet of air must pass when expanded by a change of temperature, 
ossthe velocity of ascent in feet per second, 
f «=the temperature of the external air, and 
£»the temperature of the air to be discharged by the chimney. 
Now the force producing the motion in this case is manifestly the 
difference between the weight of a column of the atmospheric air and 
another of the air discharged by the chimney ; and when the temperature of 
the atmospheric air is at 52 degrees of Fahrenheit's thermometer, this dif- 
ference will be indicated by the term^f ~ J ; the velocity of ascent 

will therefore be i; = ^^64} h | ^T^^g 1 ^^^ P«' second, and the quantity 

of wr discharged per second will therefore be, a/ 64 J | | , sup- 

posing that there is no contraction in the stream of air ; but it is found by 
experiment, that in all cases the contraction that takes place dimmishes 
the quantity discharged, by about three eighths of the whole ; consequently, 
the quantity discharged per hour in cubic feet becomes 

i- 125-69 a /P^ 
V ^ + 459 

This would be the quantity discharged, provided there were no increase 
of volume in consequence of the change of temperature ; but air expands 

b(tf + 549) 
from b to \ . ^eg for ^-^ degrees of temperature, as has been shown 

elsewhere ; consequently, by comparison, we have 

bit! + 459) 



t + 459 



125*69 a^^ 



hif-t) 
459 



From this equation, therefore, any one of the quantities which it involves 
can be found, when the others are given : it however supposes that there 
is no other cause of diminution but the contraction at the aperture ; but 
this can seldom if ever be the case ; for eddies, loss of heat, obstructions, 
and change of direction in the chimney, will diminish the velocity, and 
consequently a larger area will be required to suffer the heated air to pass. 
A sufficient allowance for these causes of retardation will be made, if we 
change the coefficient 125*69 to 100 ; and in this case the equation for the 
area of section becomes 



a=ft-v/(r+459)*-rl00(< + 459)-v/A(<'-0. 

And if we take the mean temperature of the air of the atmosphere at 52 
degrees of Fahrenheit, and make an allowance of 16 degrees for the dif- 
ference of density between atmospheric air and cool smoke, our equation 
will ultimately assume the form 

a«6-v/(<' + 459)«-r51100^A(^-e-16). 

It has been found by experiment that 200 cubic feet of air of atmospheric 
density are required for the complete combustion of one pound of coal, and 
the consumption of ten pounds of coal per hour is usually reckoned equi- 
valent to one horse power : it therefore appears that 2000 cubic feet of air 
per hour must pass through the fire for each horse power of the engine. 
This is a large allowance, but it is the safest plan to calculate in excess in 
the first instance ; for the chimney may afterwards be convenient, even if 
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considerably larger than is necessary. The role for redacing the equation 
is as follows : — 

RuuK. MuUqffy the itumber of hone power of the engine hy the\ power of 
the temperature at which the otr enters the chimney^ increased by 459 ; thtn 
divide the product Iw 25*55 timet the square root of the height of the chimney 
in feet, multiplied 6y the difference qf temperature, less 16 degrees, and the 
quotient wilt be the area of the chimney m square tiicAei. 

Example, Suppose the height of the chimney for a 40 horse engine to 
be 70 feet, what should be its area when the difference between the tem- 
perature at which the air enters the flue, and that of the atmosphere, is 
250 degrees ? 

Here, by the rule, we haye 

250 + 52 »302, the temperature at which the air enters the flue. 
Constant increment » 459, 



Sum 


-761 
wer— 40 


log. 2-3692159 
log. 1-8450980 

2)4-2143139 


log. 2-8813847 
3 




2)8-6441541 


Nnmber of horse po" 

250-16-234 
height- 70 feet 


4-3220770 
log. 1-6020600 

5*9241370 


Constant»25-55 


2-10715691 
log. 1-4073909 J 


3*5145478. 



Hence the area of the chimney in square inches is 256-79, log. 2-4095892 ; 
and in this way may the area be calculated for any other case ; but par- 
ticular care must be taken to hare the data accurately determined before 
tiie calculation is begun. In the aboye example the particulars are merely 
assumed ; but eyen that is sufficient to show the process of calculation, which 
is more immediately the object of the present inquiry. It is right, how- 
CTer, to add, that recent experiments haye greatly shaken the doctrine that 
it is beneficial to make chimneys small at the top, though such is the way 
in which they are, ncyertheless, still constructed, and our rules must haye 
reference to the present practice. It appears, however, that it would be 
the best way to niake chimneys to expand as they ascend, after the manner 
of a trumpet, with its mouth turned downwards : but these experiments 
require fiirther confirmation. 

The method of calculation adopted aboye is founded on the principle of 
eorreeting the temperature for the difference between the specific gravity 
of atmospheric air and that of coal smoke, the one being unity and the 
other 1 -05 ; there is, however, another method, somewhat more elegant and 
legitimate, by employing the specific graidty of coal-smoke itself: the in- 
vestigation is rather tedious and prolix, but the resulting formula is by no 
means difficult ; and since both methods give the same result when properly 
calculated, we make no fbrther apology for presenting our readers with 
another rule for obtaining the same object The formula is as follows : — 



,6(r+459) 
2757-5 



1 / L_ 

V h (r— 77- 



55) 



where a is the area of the transverse section of the chimney in square inches, 
h the quantity of atmospheric air required for combustion of the coal in cubic 
feet per hour, A the height of the atmosphere in feet, and t the temperature at 
which the air enters the flue after passing through the fire. The rule for 
performing this process is thus expressed : — 

Rule. From the temperature at which the air enters the chimney, subtract 
Ae eotutant decrement 77*55; muUqtfy the remainder by the height of the 



chimney in feet, divide unity by the product, and extract the square root of the 
quotient To the temperature of the heated air, add the constant number 459 ; 
multiply the sum by the number of cubic feet required for combustion per hour, 
and divide the product hy the number 2757-5 ; then multiply the quotient by 
the square root found as above, and the product will be the number of square 
inches in the transverse section of the chimney. 

Example. Suppose a mass of fuel in a state of combustion to require 
5000 cubic feet of air per hour, what must be the sixe of the chimney when 
its height is 100 feet, the temperature at which the heated air enters the 
chimney being 200 degrees of Fahrenheit's thermometer ? 



By the rule we have 200—77-55-122-45 
Height of the chimney — 100 - 



- log. 20879588 
• log. 2-0000000 

4-0879588 



200 + 459-659 - log. 2-81888541 

5000 - log. 3-6989700 I add 
2757-5 ar. ca log. 6-5594845 J 



2)5-9120412 
7-9560206 



3*0773399 



1*0333605 10-798 inches. 



This appears to be a very small flue for the quantity of air that passes 
through It per hour ; but it must be observed that we have assumed a great 
height for the shaft, which has the effect of creating a very powerftil 
drsiught, thereby drawing off the heated air with great rapidity. 

The advantage of a high flue is so very great, that the reader maybe 
desirous of knowing to what height a chimney of a given base may be 
carried with safety, in cases where it is inconvenient to secure it with lateral 
stays ; and, as an approximate rule for this purpose is not difficult of inves- 
tigation, we think proper to supply it here. 

When the chinmey is equally wide throughout its whole height, the 
formula is 



. / 156 

V 12000-^^ 



to: 



but when the side of the base is double the sixe of the top, the equation 
becomes 



r / 101 

' V 12000—0-4 



42 A w ; 

where « is the side of the base in feet, A the height, and m the weight of one 
cubic foot of the material When the chimney stalk is not square, but 
longer on the one ttde than the other, s must be the least dimension. The 
proportion of solid wall to a given base, as sanctioned by experience, is 
about two thirds of its area, consequentiy w ought to be two thirds of the 
weight of a cubic foot of brickwork. Now a cubic foot of dried brick- 
work is on an average 1 14 lbs ; consequentiy w — 76 lbs ; and if this be sub- 
stituted in tiie foregoing equations, we get for a chinmey of equal sixe 
throughout, . 

.A / ^56 
'" V 1200— 25A; 

■ 

and when the chimney tapers to one half the sise at top, it is 



s—h 



y l04 
12000— 



32 A; 



where it may be remarked that 12000 lbs. is the cohesive force of one 
square fbot of mortar ; and in the investigation of the formula we have as- 
sumed the g^reatest force of the wind on a square foot of surface at 52 lbs. 
These equations are too simple in their form to require elucidation from us ; 
we therefore leave the reduction as an exercise to the reader, who it is 
presumed will find no difficulty in resolving the several cases that may 
arise in the course of his practice. 
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CHAPTER I. 



PRINCIPLES TO BE OBSERVED m THE CONSTRUCTION OF BOILERS. 



Ha VINO now explained in a general "way the scientific principles concerned 
in the use of steam as a motive power, we have next to exhibit the practical 
application of those principles ; and we begin with the subject of boilers. 
And it may not be superfluous to repeat, that, however useful an acquaint- 
ance with scientific principles may be, it would be a most unsafe course to 
take them as a sufficient guide in the actual operations of engineering ; for 
they have in almost every case to receive material modifications, before 
they can be considered representative of a judicious and successful practice. 
At best, scientific principles give only general conclusions, and i^ord an 
approximation to the position in which the truth lies ; but practice reveals 
many conclusions which science could not anticipate, and which may modify 
or even reverse its decisions. Precepts, therefore, derived from theory 
alone, are but of little value until confirmed by the results of experience, 
as embodied in successful practice ; and to this more important division of 
the subject we shall now direct our attention. 

We have already given a theoretical rule for the dimensions of a land 
engine chimney. Boulton and Watt's practical rule for the dimensions of 
the chimney of a land engine is as follows : — multiply the number of pounds 
of coal consumed under the boiler per hour by 12, and divide the product 
by the square root of the height of the chimney in feet ; the quotient is 
the area of the chimney in square inches in the smallest part A factory 
chimney suitable for a 20 horse boiler is commonly made about 20 in. square 
inside, and 80 ft high ; and these dimensions are those which answer to a 
consumption of 15 lbs. of coal per horse power per hour, which is a very 
common consumption in factory engines. If 15 lbs. of coal be consumed 
per horse power per houi*, the total consumption per hour in a 20 horse 
boiler, will be 300 lbs., and 300 multiplied by 12=^3,600, and divided by 9 
(the square root of the height) » 400, which is the area of the chimney in 
square inches. It will not answer well to increase the height of a chimney 
of this area to more than 40 or 50 yards, without also increasing the area, 
nor will it be of utility to increase the area much without also increasing the 
height The quantity of coal consumed per hour in pounds, multiplied by 
5, and divided by the square root of the height of the chimney, is the proper 
collective area of the openings between the bars of the grate for the ad- 
mission of air to the fire. In steam vessels Boulton and Watt allow 8) 
square inches of area of chimney per horse power, and in marine flue 
boilers they allow 18 square inches of sectional area of flue per horse 
power ; but this proportion appears to be about one-third greater than what 
is allowed by many other makers, whose boilers, however, are scarcely so 
conspicuous for an abundant supply of steam. The sectional area of the 
flue in square inches is what is termed the calorimeter of the boiler, and the 
calorimeter divided by the length of the flue in feet is what is termed the 
vent. In marine flue boilers of good construction the vent varies between 
the limits of 21 and 25, according to the size of the boiler and other cir- 
cumstances — the largest boilers having generally the largest vents ; and 
the calorimeter divided by the vent will give the length of the flue in 
feet The collective area for the escape of the smoke and flame over the 
furnace bridges in marine boilers is 19 square inches per horse power, ac- 
cording to Boulton and Watt's proportion. In waggon and tubular boilers 
very different proportions prevail, yet the proportions of every kind of 
boiler are determinable on the same general principle. In waggon boilers 
the proportion of the perimeter of the flue which is effective as heating sur- 
face, is to the total perimeter as 1 to 3, or, in some cases, as 1 to 2*5 ; and 
with any given area of flue, therefore, the length of the flue must be from 
3 to 2*5 times greater than would be necessary if the total surface were 
effective. If then the vent be the calorimeter divided by the length, and 
the length be made 3 or 2 '5 times greater, the vent must become 3 or 2*5 
times less ; and in waggon boilers accordingly the vent varies from 8 to 1 1 
instead of fh)m 21 to 25, as in the case of marine flue boilers. In Boulton 
and Watt's 45 horse waggon boiler, the area of flue is 18 squ^e inches per 



horse power, but the area per horse power increases very rapidly as the 
sice of the boiler becomes less, and amounts to about 80 square inches per 
horse power in a boiler of two horse power. Some such increase is ob- 
viously inevitable if a similar form of flue be retained in the larger and 
smaller powers, and at the same time the elongation of the flue in the same 
proportion as the increase of any other dimension is prevented ; but in the 
smaller class of waggon boilers the consideration of facility of cleaning the 
flues is also operative in inducing a large proportion of sectional area. 
Boulton and Watt's 2 horse power waggon boiler has 30 square feet of sur- 
face, and the flue is 18 in. high above the level of the boiler bottom, by 
9 in. wide; while their 12 horse waggon boiler has 118 square feet of 
heating surface, and the dimensions of the flue similarly measured are 
36 in. by 13 in. The width of the smaller flue, if similarly proportioned 
to the larger one, would be 6^ in., instead of 9 in., and, by assuming this 
dimension, we should have the same proportion of sectional area per square 
foot of heating surface in both boilers. The length of flue in the 2 horse 
boiler is 19*5 ft, and in the 12 horse boiler 39 ft, so that the length and 
height of the flue are increased in the same proportion. The Nile steamer, 
with engines of 110 horse power, by Boulton and Watt, is supplied with 
steam by two boilers, which are, therefore, of 55 horse power each. The 
height of the flue winding within the boiler is 60 in., and its mean width 
16^ in., making a sectional area or calorimeter of 990 square inches, or 18 
square inches per horse power of the boiler. The length of the flue is 39 ft, 
making the vent 25, which is the vent proper for large boilers. In the 
Dee and Solway steamers, by »Scott and Sinclair, the calorimeter is only 
9*72 square inches per horse power; in the Eagle, by Caird, 11-9; in the 
Thames and Med way, by Maudslay, 11*34, and in a great number of other 
cases it does not rise above 12 square inches per horse power, but the 
engines of most of these vessels are intended to operate to a certain extent 
expansively, and the boilers are less powerful in evaporating efficacy on 
that account 

The calorimeter of each boiler of the Dee and Solway is 1,296 square 
inches ; of the Eagle, 1,548 square inches ; and of the Thames and Med way 
1,134 square inches ; and the length of flue is 57, 60, and 52 ft. in the 
boilers respectively, which makes the respective vents 221, 25, and 21 in. 
Taking Uien the boiler of the Eagle for comparison with the boiler of the 
Nile, as it has the same vent it will be seen that the proportions of the two 
are almost identical, for 990 is to 1,548 as 39 is to 60, nearly; but Messrs. 
Boulton and Watt would not have set a boiler like that of the Eagle to do 
so much work. The evaporating power varies as the square root of the area 
of the flue, if the length of the flue remain the same ; but it varies as the area 
simply, if the length of the flue be increased in the same proportion as its 
other dimensions. The evaporating power of a boiler is referrible to the 
amount of its heating surface, and the amount of heating surface in any 
flue or tube is proportional to the product of the length of the tube and the 
square root of its sectional area, multiplied by a certain quantity that is 
constant for each particular form. But in similar tubes the length is pro- 
portional to the square root of the sectional area ; therefore, in similar tubes, 
the amount of heating surface is proportional to the sectional area. On this 
area also depends the quantity of hot air passing through the flue, supposing 
the intensity of the draught to remain unaffected, and the quantity of hot air 
or smoke passing through the flue should vary in the same ratio as the 
quantity of surface. A boiler therefore to exert four times the power 
should have four times the extent of heating surface, and four times the 
sectional area of flue for the transmission of the smoke *, and if the same 
form of flue is to be retained, it should be of twice the diameter and twice 
the length; or twice the height and width, if rectangular, and twice the 
length. As then the diameter or square root of the area increases in the 
same ratio as the length, the square root of the area dWided by the length 
ought to be a constant quantity in each type of boiler, in order that the 
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nme proportioiis of fine may be retained ; and in waggon boilers without 
an internal flue, the height in inches of the flue encircling the boiler 
divided by the length of the fine in feet will be 1 very nearly. Instead of 
the square root of the area the effectiye perimeter, or outline of that part of 
the cross section of the flue which is effective in generating steam, may be 
taken ; and the effective perimeter divided by Uie length ought to be a 
constant quantity in similar forms of flue and with the same velocity of draft, 
whatever the aixe of the flue may be. It is clear, that with any given area 
of flue, to increase the perimeter by adopting a different shape, is to 
diminish the length of the flue ; and, if the extent of the perimeter be 
diminished, the length of the flue must at the same time be increased, else 
it will be impossible to obtain the necessary amount of heating surface. In 
Boulton and Watt's waggon boilers the sectional area of the flue in square 
inches, per square foot of heating surface, b 5*4 in the two horse boiler ; 
in the three horse it is 4*74 ; in the four horse 4*35; six horse, 3*75; 
eight horse, 4*33 ; ten horse, 3*96 ; twelve horse, 3*63 ; eighteen horse, 
3*17 ; thirty horse, 2*52, and in the forty-five horse boiler, 2*05 square 
inches. Taking the amount of heating surface in the 45 horse boiler at 9 
square feet per horse power, we obtain 18 square inches of sectional area 
of flue per horse power, which is also Boulton and Watt's proportion of 
sectional area for marine boilers with internal flues. 

If to increase the perimeter of a flue is virtually to diminish the length, 
it is clear a tubular boiler, where the perimeter is in effect greatly extended, 
ooght to have but a short length of tube. The flue of the Nile, if reduced 
to the cylindrical form, would be 35) in. in diameter, to have the same 
area ; but it would then require to be made 47} ft. long, to have the same 
amount of heating surfkce. Supposing that with these proportions the heat 
is sufficiently extracted A'om the smoke, then every tube of a tubular boiler 
in which the same draft existed, ought to have very nearly the same pro- 
portions, so that a tube 3 in. in diameter ought to be about 4 ft. long, 
supposing the conducting power of the metallic surface through which the 
heat is transmitted, to be in each case identical. But the metal of small 
tubes being thinner than that of flues must conduct better, and a tube 
3 in. in diameter should therefore be less than 4 ft long, provided the 
draft remains such as is due to an area of 18 square inches per horse 
power. If the thinness of the metal attainable by the tubular form 
be supposed to increase the efficacy of the heating surface in the same 
proportion as the increase of surface due to the rectangular form, the 
length of a tube 3 in. diameter ought to be 3 ft. 3 in. ; and it would be of no 
service to extend its length beyond this point, supposing the flue boiler to 
be properly proportioned, as by the time the hot air had traversed a length 
of 3 ft. 3 in. of tube, the heat of the air would have been as thoroughly ex- 
tracted as in ordinary boilers appears to be beneficial. The tubes of 
tubular boilers, however, are usually about 6 ft. 6 in, long ; but to make 
this excess of length infiuential in generating steam, the draft has to be 
made nearly twice greater than in flue boilers having a sectional area of 18 
square inches per horse power, or in other words, the sectional area of 
tubular boilers must not much exceed 9 square inches per horse power 
when the tubes are of the length stated. The smaller the tubes are, the 
shorter they should be made, or the less the sectional area ought to be ; 
and with a sectional area of 10 square inches per horse power, there will 
be no advantage in making the length of the tube more than from 26 to 32 
times its diameter, which will make the tubes from 6 ft 6 in. to 8 ft long, 
when the diameter is three bches, and give from 7 '4 to 8 square feet of 
beating surface of tubes per horse power. If the sectional area per horse 
power be increased, the length of tube should be diminshed in the same 
proportion ; for the velocity of the draft varies with the sectional area of 
tube per horse power, and on the velocity of draft the length of the tube 
ooght to depend. 

In locomotive boilers where the velocity of draft is very great, long tubes 
are employed ; but it is preferable to have the tubes of moderate length, 
and a draft of moderate mtensitj, as in maintaining a fierce draft by any 
process, there is a considerable expenditure of power. If, however, with 
the view of making the draft very slow, a proportion of sectional area ap- 
proaching that of flue boilers be provided, the result will not be satisfactory, 
as the smoke will all pass through a few of the tubes, leaving the rest 
inoperative ; though this defect may be in a great measure corrected by 
paitially closing up the ends of the tubes, or even by partially closing the 
damper. The length of tube multiplied by the diameter, and divided by 
the area, is a constant quantity both in flue and tubular boilers, or at least 
nearly so ; and when any of the elements are given, the rest can easily be 
computed by the aid of this pro[>ortion. Bury's locomotive with 14 in. 
cylinders contains 92 tubes of 2Jth in. external diameter, and 10 ft 6 in. 
long, whereas Stephenson's locomotive with 15 in. cylinders, contains 150 
tabes of l^ths external diameter, and 13 ft 6 in. long. In Stephenson's 
boiler, in order that the part of the tubes next the chimney may be of any 
avail for the generation of steam, the draft has to be very intense, 
which in its turn involves a considerable expenditure of power ; and it is 
questionable whether the increased expenditure of power upon the blast, in 
Stephenson's long tubed locomotives, is compensated by the increased 
generation of steam consequent upon the extension of the heating surface. 
when the tubes are small in diameter they are apt to become partially 
chdied with pieces of coke, but an internal diameter of Ifths may be em- 
plojed without inconvenience, if the draft be of medium intensity. The 
mtensity of the draft may easily be diminished by partially closing the 



damper in the chimney, and it may be increased by contracting the orifice 
of the blast In most locomotives the velocity of the draft is such that it 
would require very long tubes to extract the heat from the products of 
combustion, if the heat were transmitted through the metal of the tubes 
with only the same facility as through the iron of ordinary flue boilers, 
and if it were required at the same time that the heat should be a« 
thoroughly extracted. The Nile steamer, with engines of 1 10 nominal 
horses power each, and with two boilers having two independent flues in 
each, of such dimensions as to make each flue equivalent to 55 nominal 
horses power, works at 62 per cent above the nominal power, so that the 
actual evaporative efficacy of each flue would be equivalent to 89 actual 
horses power, supposing the engines to operate without expansion ; but as 
the mean pressure in the cylinder is somewhat less than the initial pressure, 
the evaporative efficacy of each flue may be reckoned equivalent to 80 actual 
horses power. With this evaporative power there is a calorimeter of 990 
square inches, or 12*3 square inches per actual horse power, whereas in 
Stephenson's locomotive with 150 tubes, if the evaporative power be taken 
at 200 cubic feet of water in the hour, which makes the engine equal to 
200 actual horses power, and the internal diameter of the tubes be taken at 
thirteen-eighths of an inch, the calorimeter per actual horse power will 
only be 1*1136 square inches, or in other words the calorimeter in the 
locomotive boiler will be 11*11 times less than in the flue boiler for the 
same power, so that the draft in the locomotive must be 11*11 times 
stronger, and the ratio of the length of the tube to its diameter 11 *ll times 
greater than in the flue boiler, supposing the heat to be transmitted with 
only the same facility. The flue of the Nile, as already stated, would 
require to be 35{ in. in diameter, if made of the cylindrical form, and 47|ft 
long: the tubes of a locomotive if Ijin. diameter would only require to 
be 22*19 in. long with the same velocity of draft, but as the draft is 11*11 
times faster than in a flue boiler, the tubes ought to be 246*558 inc les, or, 
about 20.] ft. long, according to this proportion. In practice, however, 
they are one third less than this, which reduces the heating surface from 9 
to 6 square feet per actual horse power ; and this length even is found to be 
inconvenient It is greatly preferable, therefore, to increase the calori- 
meter, and diminish the intensity of the draft 

The arched forms of the bottom and sides of the waggon boiler are not, 
as is sometimes erroneously supposed, given solely for the sake of ad- 
ditional strength, as the want of proper abutments to the arch, renders 
them only very slightly available for that purpose ; and it is an easy thing to 
prove that greater strength would be obtained if made the reverse way, or 
convex outwards, instead of concave. Great strength, however, in a low. 
pressure boiler, working at only two or three pounds above the atmosphere, 
is not an object of much consideration : but there is another very important 
matter to be considered ; and that is the position of the heating surface at 
respects the fire grate, or as a recipient of heat, and also as respects the 
contained water, to which the material of the boiler conducts that heat in 
order to generate the steam. 

As on the proper arrangement of the heating and generating surface 
it is certain that the excellence of all kinds of steam boilers, both in respect 
to durability and to economy in fuel, most materially depends, we shall 
here endeavour to give such a popular investigation regarding it as we 
hope will serve in some measure as a first lesson or key to the art and 
mystery of boiler designing, as well as enable the student to appreciate the 
merits of the common waggon-shaped boiler. 

With regard to the boiler bottom forming an arch over the fire, one 
reason for this construction is very obvious : the heating surface within a 
given width between the side walls of the furnace is hereby increased ; 
and although this may also be said of a cylindrical boiler, where the arch 
is downwanls, yet in the former the fire and flame are more enclosed within 
the water, and so far prevented from being expended on a large area of side 
walls to no useful purpose. The main reason for this construction, how- 
ever, may be taken to be as follows : — The fire-grate is generally horizontal 
in its cross- section, and the fuel being generally spread equally thick 
on the bars in that direction, it follows that the temperature of the furnace 
chamber, so far at least as it depends on the radiation of heat from the red- 
hot coal, must be somewhat higher immediately over the middle of the fire- 
grate than at its sides ; and the effect of the heat thus given out by the 
burning fire against the boiler bottom, supposing the lat»er to be disposed 
horizontally across, will be gradually diminished from the centre towards 
each side, the effect in all cases being directly as the temperature of the 
surface of the fuel at any given point, and in the inverse ratio of the 
square of its distance from the boiler bottom. Provided we knew the 
exact law of the decrease of temperature from the centre to the sides of the 
mass of the fuel, we could then easily obtain the true form of the curve 
describing the arch of the boiler bottom, so that the effect of the heat 
given out from a fire of uniform thickness would be equal over all parts 
of the heating surface, which would not then be liable to be unduly acted on 
or overheated in one part more than another. Although any abstruse de- 
termination of this is not necessary here, it having been long realized in 
practice to a much greater degree of perfection than it is possible to acquire 
in keeping the fire of a uniform thickness, it may, nevertheless, be useful to 
give a short illustration of the erroneous principle of the contrary practice ; 
that is, of arching the boiler bottom downwards, as in common hi^rh-pressure 
or cylindrical boilers. Supposing then that the temperature of the burning 
fuel is no greater in the middle than at the sides of the grate, and assuming 
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the average distance of the snr&ce of the fiiel below the boiler bottom to be 
six inches, — say five inches in the centre, and seven at the sides — a very 
oommon case, — the effect of the radiated heat against the central portion of 
the boiler bottom, compared to that of the sides of the furnace, will then 
be as the fractional numbers J^ and ^ or nearly as two to one : and this 
great disparity of effect is of course still fiirther increased by the greater 
heat of the fire at the middle of the grate. 

Under such circumstances we need not to be surprised at the very great 
liability of the bottom plates of cylindrical boilers to become gradually over- 
heated and finally burnt out, while those towards the sides are very little in- 
jured. In waggon boilers, it is true, the converse of this does sometimes take 
place ; that is, the seating plates, or those immediately adjoining them, are 
found occasionally to detenorate and become ixgured sooner than those in the 
crown of the boiler bottom. But this result only corroborates the truth of 
the general principle we are contending for ; at the same time proving the 
necessity of attending to those apparently unimportant mechanical details 
so conmionly overlooked by the scientific engineer ; for the defect always 
arises either from the crown of the arch being too high, or by having the fhel 
too thick on the bars, so that its radiating sur£BUM is too near the sides of the 
boiler bottom ; or oUierwise in consequence of the fire-grate itself being 
placed too high ; whereas no situation of the grate whatever can prevent 
the ii^urious action of the fire against the inverted arch of a cylmdrical 
boiler. 

The manner in which the position of the heating surfiice affects the 
generation of the steam, is best understood by considering that it can only 
be by a certain tendency to overheat, or — to use themore ambitious language 
of philosophical theorists — to overcharge the snbstanoe of the heating tor* 



hG% with caloric, that any heat can be imparted to the water within the 
boiler ; and the greater the difference of temperature between one side of 
the boiler plate and the other, the more rapid ought to be the communica- 
tion in order to preserve the latter uninjured. Now, if instead of the 
heating surface being in a position approaching to the horizontal over the 
fire, as described above, let us suppose it to & placed in a perpendicular 
direction with respect to the fire grate, and let us fieuther suppose the 
burning fuel to be m immediate contact with it, as in fact it usually is, in 
most of those boilers with internal ftimaces, such as marine and locomotive 
boilers, and in all those called fire-box boilers, — the effect then must be 
that all the particles of water that come in contact with the innde of this heat- 
ing surface, or aenerating surfiuie, which are converted into steam, will rise to 
the surfiuse of tne water; and by doing so, if in sufficient quantity, they form a 
continuallv ascending current or thin stratum of vapour, interposing itself 
between the water and the plates of the boiler, thus creating two evils at 
once ; first, the prevention of a sufficiently rapid transference of the heat of 
the plate to the water, excepting only at the lowest point ot the effective 
heatmg surfisce, where the fire u in immediate contact with the plate, 
thereby diminishing the evaporative power of the boiler ; and secondly, the 
effectual prevention of all proper access of the water to those portions of 
the generating surface inunediately above the heated point The plates in 
those parts are therefore sure to get overheated and burnt out in a com- 
paratively short time. This is in ftct precisely what takes place In many 
fire-box boilers, and, to a certain extent, in all boilers that have internal 
fhmaces or fines yriihflat eidet, unless those sides incline somewhat to one 
another, to facilitate the escape of the steam fhun the heated torfkoe. 
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It ii» of eonne, impoaible that we sboold attempt any ennmeratkm of 
thfe Tarioiif kinds of steam engine ftimaces that at different times have been 
hffooghft before the pnUic, fbr their name is legion, and Tery few of them 
have approred themselTes of any ntilitr : but we shall give a brief sketch 
of some of the principal examples. The purpose of all these schemes has 
been to eonsome the smoke generated in all ordinary furnaces in which 
bitominoos ooal is burned ; and although the means by which this is pro- 
posed to be done are direrse and innumerable, yet the whole of the plans 
may be roughly classed under two general heads. In the first of these the 
■moke is proposed to be burned by passing it over or through a fire or other 
incandeeoent substance, and in the second the same end is proposed to be 
attained by admitting a stream of air into the fiue or furnace, by which the 
eombostion of the inflammable parts of the smoke may be effected. Each 
of these methods, however, presumes that there is enough oxygen mingled 
with the smoke for the purposes of combustion, but in the one case the 
necessary supply of air has to make its way through the fire — which it can 
easily do if the fire be thin, and ,the draught vehement — while in the other 
case an orifice is specially provided for its admission. 

One of the first schemes for the prevention of smoke is that of Papin, 
who proposed to make the smoke descend through the fire; — the necessary 
draught for that purpose being maintained by means of his centrifugal 
blower. This is a very feasible scheme, and one which we are convinced 
would be fbund effectual if carried out judiciously in practice, but the im- 
pediments presented by the coking of the coal and the absence of an 
efifectual exhauster has hitherto prevented its success. This scheme was 
revived by Delasme, and was afterwards carried into effect for house stoves 
by Franklin, but various inconveniences attendant on the lighting of the 
fire, and other technical points, has prevented Franklin's stove firom 
reaching into any considerable adoption. 

In 1785 Mr. Watt took out a patent for obviating the smoke of steam 
engines by placing the ooal in an upright conical tube or hopper fixed in 
the brickwork of the boiler, immediately behind the furnace door, and 
causing a stream of air to rush through the fiimace door for maintaining 
tiie combustion. In this plan, there are no fire bars, but the fire rests 
npoQ a brick arch, and the whole of the air that reaches the fire has to pass 
through the ooal that has not yet entered into combustion. By this means 
tiie gases, evolved from the coal by the application of heat, mixed with air, 
are passed through and over the ignited fhel, and are thereby consumed ; 
or they may be passed through hot funnels or pipes which will accomplish 
neariy the same purpose. This plan, though ingenious and in one sense 
sooccawful, was relini^hed by Watt, on account of the difficulty of dealing 
with caking ooal, which by its concretion prevented the due admission of 
the air ; and he adopted in its stead the plan of a dead plate between the 
furnace door and the fire bars, upon which the coal is first coked, and is 
then pushed back upon the bars to undergo combustion. This plan, 
which is still used by Messrs. Boulton and Watt, is very effectual in pre- 
venting smoke with careful firing : we give a drawing of it as at present 
used by Messrs. Boulton and Watt, in another part of the present 
chapter. 

In 1790, Mr. WBliam Thompson of Bow Lane took out a patent for 
consuming smoke by admitting a stream of air behind the bridge, which 
appears to have been the first plan brought into use on that principle. 
The same spedet of fhmaee was afterwards patented by Sheffield, Greg- 
son, and others with trivial variations, and during the last few years a host 
of patents have been taken out for this kind of furnace, some of them under 
very imposing names, but none of them can be said to have been successfuL 
One great impediment to their success has been the difficulty of apportioning 
the ({uantity of air admitted to the varying wants of the fire ; for after the 
toaaoe haa received a charge of ooal a greater quantity of smoke is pro- 
dnoed than at other times, and a considerable admission of air becomes 
necessary ; but if the air valve be regulated so as to supply this quantity, 
h will simply too much when the smoke has passed away, and unless a more 
■ednkNis attention be given by the fireman than can be expected in practice 
te quantity of air admitted to the ftimace will generally either be too great 
tr tao little^ and a defective performance must therefore be the consequence. 
Borne oCtfacie fi^ts we believe we have stated already ; but it b necessary 



to repeat them here to explain that when the fire is supplied with coal by 
means of Stanley's fire-feeding machine, or any other self-acting mechanism 
which makes the production of smoke imiform, it becomes possible to a4)U8t 
the air valve with great nicety to the requirements of the fire ; and even in 
other cases the due a4justment of the supply may be approximated to by 
means of a very ingenious mechanism invented by Mr. Murray of Leeds, 
and described in the London Journal for 1 82 1. In this plan the air supplied 
to the fire for burning the smoke passes through a tube furnished with a 
throttle valve, which valve is opened by an attachment to the fUmace door, 
and closed by means of a vane wheel, like a smoke jack, inserted in the 
mouth of the tube, and which is moved by the current of air passing through 
the tube into the furnace. When therefore the furnace door is opened and 
a charge of ooal put upon the grate, the throttle valve is opened by its con- 
nection with the furnace door, and a sufficiency of air enters : but the 
entering air, by turning the vane, gradually closes the valve as the genera- 
tion of smoke diminishes ; and by a proper a4justment of the mechanism 
to the quality of the coal employed and the quantity introduced at a time 
into the furnace, a very nice regulation of the air may be accomplished. 
At the same time it must be stated that furnaces which admit air into the 
flue or furnace, even when provided with a mechanism of this kind, have 
not been successftd in practice. Mr. Pritchard of Leeds, in 1821, proposed 
to accomplish the same end as was attained by Mr. Murray's mechanism, 
by means of a piston descending by ^vity in a cylinder of air, the piston 
forcing out the air through a small onfice. The desired effect, it is obvious, 
can be produced in many ways, which will at once occur to our readers, 
and which it would, therefore, be superfluous to describe. 

An experiment a short time since was tried at Soho, with the view of 
testing the efficacy of C. W. Williams's Argand furnace, as it is called, which 
is a furnace for burning smoke by the admission of air into the flue by a 
number of orifices, or for accomplishing the chemical combination of the 
gaseous constituents of coal with the oxygen of the atmosphere, as we 
suppose would be the definition in Mr. Williams's pompous phraseology. 
The ordinary boiler in use at Soho was fired with one kind of coal for a 
period of four months, and the effect and consumption were carefully noted. 
Mr. Williams's improvements were then applied, and with the same kind of 
coal, the same man firing, and all other circumstances as nearly as possible 
identical, the consumption, Messrs. Boulton and Watt inform us, was 
nearly a pound per horse power per hour more than before. The furnace 
in its ordinary form, which was with a Head plate fitted before the furnace 
as in Messrs. Boulton and Watt's usual plan of land boiler, produced no 
smoke ; whereas after Mr. Williams's improvement a good deal of smoke 
was sometimes produced, though usually there was none. 

One very ingenious method of consuming coal so as completely to obviate 
smoke consists in lighting the ooal on the top ; and a contrivance known 
as Cutler's grate was some years ago introduced for accomplishing this 
oliject in the case of house fires. There is a difficulty, hdwever, in intro- 
ducing firesh coal beneath the ignited mass, and the plan of a piston for 
raising it up to the fire is inconvenient In 1815 Mr. William Moult con- 
trived a furnace on this principle, in which he brought the flame over the 
coals, the coals being laid upon a dead pUte ; but it does not appear that 
this plan has met with much encouragement or success. In 1815 Mr. 
William Losh of Newcastle took out a patent for a combination of double 
furnaces ; in which, by a suitable arrangement of dampers, the smoke firom 
one of the furnaces was made to para into the ash-pit of the other ; and 
mixing there with the atmospheric air, and ascending through the fire, it 
was consumed. The furnaces were of course fired alternately, so that one 
was bright while the other was smoky. This is one of the most effectual 
methods of consuming smoke that has yet been contrived, but the shifting 
of the dampers is troublesome, especially as they require to be strong and 
heavy, to withstand the heat. 

We pass over the plans of Roberton, Johnson, Parkes, Coombs, Stretton, 
and a host of others, as there is nothing in their schemes of much novelty or 
utility. In the report of the Smoke Committee of the House of Commons 
of 1819, a plan is given by Mr. John Walker, junior, of an engine furnace 
with a coke oven attached ; the design being that the coal should first be 
coked in this oven, and then transferred to the grate to be ooosunied. 
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This scheme ii Dot verj pra^cable, but we believe something of the kind 
ii now being revived by > French engineer u Mmcbeiter, the ileUuls of 
which may be auch aa to give it s better ebance of lucceu. 

The two moat important projects in amoke-hiuiiing fumacea appear to 
be the revolying grate oanally known as Brunton's and Stanley's fire- 
feeders, which lut are mnch employed in the inianfkctiiring districta. 
The revolving furnace was described by Mr. John Steel, of Dartmonth, 
befbre the Smoke Committee of the House of Commona m 1B19, and in 
December of (he lame year the plan was patented by Mr. Bronton ; so that 
it does not appear very clearlv to which of these mechaaisU the invention 
is due : but, whoever be the mvenlor, the plan is the best, in oar opinion, 
yet devised fbr obviating smoke, and, if applied judiciously, can hardly fail 
to be productive of an imporlant economy. Stanley's plan, which was 
patented in 1823, consists in the application of a hopper (o the furnace into 
which the coal is thrown, the neck of the hopper be inji famished with 
grooved rollers pul into revolution by the ( njrinei which sei»e the pieces oT 
coal that exceed the size regulated by (he distance asunder of the rollers, — 
and which mny be adjusted by a screw. — and drop them on an iron plate 
undemenih. from whence they Ore projected by on arrangement resem- 
bling a revolying &n, which scatters the pieces equally over the fire. The 
gearing, which gives molion to this apparniuB, is so contrived, that as the 
eoftine becomes quicker its effective speed becomes less, and the quantity 
of coal supplied to the furnace, therefbre, just comes aptothe demands of the 
engine for aleam. A drawing of Ibis machine, as applied at the present 
time to boilers in Lancashire, will be given in one of the plates of the 
present work, which will make the nature of the apparatus more intetlipble 
than the most elaborate description could hope to effect. A sketch of the 
revolving grate in its present improved form, as applied by Messrs. Boultoo 
and Walt a year aRO to the steam rnmaces of the BonV of England, is 
given at page Sa. of the present work ; and we most reserve what we have 
to say fiirther of the contrivance in question until we come to the descrip- 
tion which that representation demands. 

In 1824 1 patent was token ont by Mr..Humphrey Jeffrey, of Bristol, for 
a plan of condeusing smoke and metallic vapoure by means of a shower of 
water, which has been introduced with success in many coses in pracUcc. 
In order to carry into effect this plan, it is necessary to have two or more 
chimnevs, each closed at the top. and connected together by a cross flue at 
the lop, Eo as to form a combination resembling the Greek letter H (pi). 
The smoke or vapour aacenda one of these stalks, and paues into the upper 
part oF the other by the horizontal flue, where it meets a shower of water 
descending from a tank on the top of the second stalk, by which it is 
carried downwards, and it pasaesoff with the water into a drain. We do not 
thiuk it necessary to resort lo this plan for the destruction of smoke, as we 
think that end attainable by more economical meana ; but we think (he plan 
is one of much value for condensing the insalubrious vapoura of vitriol 
works, copper smelting furnaces, and other such manul^ctorin of asthma, 
and that its use should be made compulsory in aueb casea.' Several newly- 
fledged projectors have been endeavouring, we find, to attract the public 
attention to this plan under some unimportant modifications, by pretending 
that it is a novelty of (heir own device : but the plan is on old one, <3 
which the patent has for some time expired ; and any one is fnt to ose it 
who feels so disposed. It will be expedient, in some cases, to make the 
smoke or vapour ascend a stalk several times, or rather to make it ascend 
several stalks in succession, in order (o receive in each returning stalk a 
fresh shower of water; and it is important that the final exit of tlu gaseous 
matltr should be at the top of a stalk, which may be made higher than any 
of the otheix. A good method of forming a combination of this kind 
would be to cause the smoke and vapoon to traverse a aeries of upright 
iron cylindera connected alternately at the top and bottom, with a shower of 
water in each descending cylinder, and the last oue might be carried to a 
sufficient elevation to constilate a chimney. 

[n IS24 Mr. Evans, of Queen Street. Cheapside, took out a patent for ob- 
viating smoke by admitting steam into (he furnace. This plan has been 
often tried : it was intmduced into the Edinburgh gas-works many yean 
ago by Mr. Nasmytb, of Patricroft, and has since been revived by Mr. 
Ivison, of Edinburgh : but we do not anticipate that the plan of admitting 
steam into the liimace or ash-pit will reach any high measure of success so 
itx af relates to (be prevention of smoke, though for other purposes its ad- 
mission may in some cases be advantageous. 

Of oil the prfijectors in the field rf smoke-burning there is no more 
as'iduous veteran than Mr. John Chanter. He has a great number of 
]ialen(s for different kinds of furnaces; and. indeed, bis plans vary so 
fre<{uen[ly. that it is difficult to know what they an ; and we question 
whether he is perfectly confident on this head himaelf. Mr. Chanter, we 
should say, is a person of a wavering disposition, the effect in many cases 
of exuberant ingennify ; but, however this may be, we do not think any of 
his plons are likelv to approve themselves of much utility in practice. Mr. 
Samncl Hall and Mr. Joseph Williams have plans for buraing smoke t^ 
the admission of hot ttir inio the flue or furnace, and Messrs. Drew, Rodda, 
and others, have plans which nearly resemble some of those (hat we have 
already described. Mr. Cheetham. of Stalcy Bridge, accomplished the 
cnmbiuilinn of the inflammable parts of the smoke by drawing it by means 
of a fan ont of the upper port of the flue leading lo (he chimney, and sending 
it. mixed with atmospheric air, in(o the ash-pit, to ascend through (he fire. 
Tbe carbonic leid, which, by virtue of its specific gravity, occupies the 



lower part of the flue, is not returned to the fire, bat passe* at once to tba 
chimney, and thus maintuns the draught 

About four years ago certain contrivances for obviating smoke werB 

applied in some of the vessels of the Peninsular Steam C^pany, which 

we may here explain. Ft^.SD.representsthemelliodadopled inthe neamer 

Fig. 30, 




William Fawcett. The whole of the Airaacea were anwiged in pairs, and 
an opening was cut through the waterapace intervening between each pair 
of (umaces, so as to permit the smoke from the one to paaa through a pipe 
fitted at the furnace mouth into the ash-pit of tbe other, and mixing there 
with atmospheric ur, and ascending through the incandescent fad on tbs 
ban of tbe second furnace. It was consumed. One furnace thus operated 
as a retort while the other acted as a fhmace, a damper extending between 
the double bridges shown in the horizontal section being closed when the 
fiimace received a charge of coal so as to convert it into a retort for the 
time being. As soon as all the gas was expelled from the coal thus Intro- 
duced the damper of Ibis furnace was opened so as to convert it into an 
active furnace, and the damper of the other fiimace was closed to be in 
readlnea* to receive a charge of coal, and no smoke was viaihla at the 
chimney while (his action proceeded. It is troublesome, however, in practice 
lo shlA these dampers; and altogether the plan is not so good as many others 
thu have been brought onder the notice a! the public. Fig. 31. repreieiil* 
Fig. 31. 




the method of diminishing smoke introdnced into the steamer Tagnt. Two 
Venetion bridges were formed of (iles laid at an angle about three quartera 
of an inch apart, the bridges themselves being about a foot apart, with ■ 
vacant sp^e between them. These tiles of coarse became very hot by the 
flame passing between them ; and by keeping a thin fire on the baio, to at to 
enable a sufficiency of oxygen to find its way tbmugb the burning fhel to 
accomplish the combustion of the inflammable gases during their passage 
between these hot sor&cea, the smoke was very completely extinguished. 
The bridges were built upon an arch closed by a door, so as to enable • 
penon to get into tbe flues withont taking the bridges down. We think 
that a succession of bridges of this description, widi a furnace lined with 
fire-brick, a good draught, thin fire, and very narrow famace-bars widely 
set. would accomplish the combustion of smoke very completely. It would 
be better if (he tiles, ins(ead of being Bat, were semicircular, for the hot 
current would be thus made to reverberate \ and confiicting draughts and 
eddies have a poweritU effect in aiding the combustion of smoke. 
.Ft;, sa. represents the furnace of Mr. John Juckes, the pectiliarity of 
Fig. Sa. 




which consists in placing the fuel on an endless chain situated between two 
rollers, to which a movement is given by tbe engine, and whicb receive* 
the coal at tbe furnace month, and deliven the clinken and uhes at the 
other end of (be fiiniace. This we look upon as a good plan in many 
respects, hut the mechanism, we fear, must be eipennve to keep in repain 
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The eodlesi ehtin of fire ban and iti aiutajniag rolten are carried on a 
wheeled frame Testiiig on rails, lo that Ibu fire maf be at any time with- 
dravn altogether from beneath the boiler. The furnue door it of that 
dMcription irhich tlidea up ai>d down, and the degree of iU depreiuon 
iHvl^ei the tbickneM of (be coal on the bars of the grate. 

fig. S3, representa the tiiniace of Hr. Nathan WaiUingian, in which the 
Fig. 33. 




han are arranged n two nebned planes, tbe coal at the upper put be ng 
tlowlj coked previous to its descent upon tbe ban ; and the spsce betireen 
the central bws where the two inclined plans meet maj be kept npen to 
admit enongh ur to accomptiifa the combustion of the gaaeB. It does not 
itnke Dt that this furnace is a very manageable one, and we do not find 
that it has met with any contiderable adoption. Tbe plan of firing at tbe 
tides, moreover, is such as to be inapplicable in most situations. 

Fig. 3i. represents the furnace of Mr. John Smith, of Kingstown, near 
Dublin, in the form eihibited by tiim before the British Association at 




Hancheater. The boiler is congtruded on what has been called the oven 
plan, which is without fines, and tbe flame and smoke pass from the 
bmsce into a targe central chamber, where the inflammable parts of the 
•moke, by being more thoroughlj miied with oxygen, which is also pre- 
tent, readily enter into combination. Thia plan of boiler, however, is very 
otjectiooable, from iU deficient Btrenglh ; and altogether ve have not very 
■anguine hopes of mach benefit being realized by Mr. Smith's invention. 

Of all the smoke-burning schemes that have been bronght forward, at 
this or at any other epoch, there is none that has been ushered before 
the public with more noisy pretension than that of Mr. Charles W^e 
ViUiuni ; yet the project is one of vctt slender merit ; and so hard are its 
petftctioDS to be ducovered that Mr. Williams, It appears, has had to write 
au oetaio volume to point them out. This furnace, which we need not dcli- 
notte, differs in scarcely any respect from tbe previous schemes of Gregson 
and nhen, except in the single feature of admitting the air by many holes 
inteid of by two or three : but even this innovation had been brought into 
Ue before the date of Mr. Williams's plans ; though, indeed, it is hardly 
*Mth "bile lo rob him of tbe praise of this originality, seeing how small 
iXMI be Its value. Hr. Williams says, bis is not a smoke-burning furnace; 
aadwe are sorry lo hear it ; it is certainly asmoke-generating furnace; and 
iiflie smoke be not burned. It most pass off nnconsumcd. We know, 
"weed, thai it will be ai^ed that it is gas, and not smoke, that this furnace 
ffodnces i and we have not the least objection to call the aeriform matter 
fasiiog over tie bridge by that name, if it gives Mr. Williams any 
ffWficat/on- Bat in that case it is obvious that it must have been gas 
ttupre^son ud oihera of his fratemity burnt also ; so that Mr. Williams's 
— •• t^. ^ — enjoying any d'tslinctioD on this score as ever. 
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whatever name be given to its gaseoos products. It ii no doubt better, if 
ur is to be admitled into tbe flues of a boiler, that it should be let in by 
many orifices instead of by one or two ; and it would be a further improve- 
ment, we think, to subdivide tbe smoke in tbe same manner. But in 
whatever way (he air be admitted, the aeriform matter to which it is let in 
is the same in Mr. Williams's furnace as in any other; and to pretend that a 
mere difference in tbe number of holes can change its nature is just about 
as absunl as It would be lo allege that water would be turned inlo wine 
by pouring it through a sieve. Indeed, if i( were gas. and not smoke, that 
Mr. Williams's furnace produces, tbe boiler would continoally be in danger 
of explosion; fbrevery one knows that gas when miied with air will explode 
if a light be applied, and a train of gas and air laid in (he furnace and flues 
would be as dsngerouG as a train of gunpowder. As. therefore, Mr.Williaius's 
furnace, notwithstanding all its scientific pretensions, is a mere smiike- 
burning furnace, thai operates by the admission of air in[D the flueti, it has 
to be considered with others of me genus to which it belongs ; and as Mr. 
Williams has loudly condemned tbe whole tribe of emoke-buniing furnaces, 
it is needless torus in this instance (O repeal the condemnation. 

We have already slated that there are some advantages peculiar to this 
fiimace; but there are certain disadvantages peculiar toll abo. The small 
air-holes are very liable to choke up, and fiie dispersets speedily gel burned 
out, if made of cast iron, while if they be made of fire-bricli they are vtry 
liable to get broken in sweeping the flues, and in the case of (he contracled 
furnaces of marine boilers eien by tbe rakes and slices of the fireman. The 
alternate heating and cooling again of the iron of the furnace in (hose 
Bi(aations which are exposed to (he influence of (he diapersers — for when 
there is much smoke in the furnace it will be flame that proceeds from 
them, and when there is little it will be cold air — has a tendency to 
injure tbe (eilnre of the iron, and give rise to cracks and blisters. Under 
such influences the iron will be more disposed than in common boilers In 
gire wny i and "e have heard of several instances of boilers having been 
damaged from this cause, Indeed, the question has been raised, whether 
tbe explosion a dion time since, of Brook's mill a( Bol(on, was not owing 
to tlie injuries the boiler suxtaiiied from Williams's furnace, which it appears 
had been in operation in thui msiunce. While, however, it is necessary (hat 
we should state Ihese defects, we do not by any means concur in the utter 
condemnation this scheme has received in some quarters. It Is tbe best 
furnace, we think, of (bat class which operate by the admission of air into 
the flues, or at least is capable of being made the best by a due regulation 
of Ihe details : yet (his is only a slender excellence, as we look upon all 
that ctoss of furnaces as impossible in practice. We must say, loo, that we 
do not see how Mr. Williams's attempts to pass off his scheme for what it is 
not, and for what he must have inoan it is not, can be reconciled with that 
ingenuousness that is necessary to the character of a gentleman. The 
title of the Argand flirnace can only tend to mislead the unwary ; and it is 
as idie to pretend that Its operation is therefore like that of an Argand lamp 
as to maintain that if it were only called a Circassian furnace its fumea 
would improve the complexion. The furnace is, in truth, one of much 
mediocrity, and will not, we are persoaded, come into any considerable use. 
whatever be the advertisement and agitation. The disadvantages are too 
many, and the benefits too few, for the realisation of this result ; and the 
experiments at Soho, which we have already mentioned, have, in our 
judgment, rung this project's funeral knell. 

Fig. 3j. represents Ihe fhmace of Mr. George Godson, which has lately 
been applied at Woolwich and other places. The principle of this plan is 
identical with that of Cutler's grate, already described. The coal is 
introduced Into a box beneath thetWnace, provided with a moveable piston, 
on the top of which the coal ties. There are two sliders for closing the 
opening in the grate usually occupied by the box at such times as the box is 
withdrawn to be repleniihed with coal ; and when the full box is replaced 
these shders are drawn back, and Ihe coal in the box ignites at the top. 
Is the coal burns away, ibe piston is tsised up in the box to maiutain 
the burning fuel at Ihe same level ; and the gas expelled JWim the cnal by 
heat is consumed by passing through the incandescent fuel on the 
bars. This species of furnace, indeed, is a Sort of coal-lorch, and its whole 
advantage Ilea in the gases of the coal being presented for combustion, without 
being intermingled with the carbonic acid and nitrogen, resulting from the 
combnilion of the coaky part of the fuel — the air being admitted through 
a number of orifices around the top edge of the torch to accomplish the 
combustion of Ihe gases. It would be difficult, however, we fear, in a large 
furnace, to mingle tbe ur with the gases sufficiently, or duly to regulate the 
quantity admitted in such cases. In the case of a house fire there is no diffi- 
culty upon these points; for as the flre is but small the air has an easy access, 
and an excess of air in all open fires ascends tbe chimney ; but in Ihe case of 
a furnace for a steam engine an excess of air acts most perniciously by cool- 
ing Ihe boiler ; and a furnace which involvea such a risk la not likely to be 
successful The rusing of Ibe coal by manual labour applied to the piston 
is another objection to Ibis plan, though by no means a serious one, as it 
would be an easy thing to raise Ihe piston by the engine. It may aid the 
comprehension of the plan if we give some ietfers of reference. A and D 
Ihe haiiitlea for moving Ihe slides B and G. C the handle for moving the 
racks F. F, which raise the piston in tbe box E. 

There are several plans for burning anthracite coal in ordinary fiimaces 
that have at various times been brought forward with different degrees of 
success i and we may for a moment glance at some of these projects. Me 
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extirpation of inch a noiunce ? We reply, vithoat heutatioD, that then 
are leversl auch pUns, and we shall here eQumerate those nhioh we think 
the ben calculated to accoTDpliah the desired object. The boilen of the 
Corniih minaa prodace reiy little smoke, in coaaequence of the slow corn- 
bunion of the cob] there practised ; and a slow combnElion and n luge 
fomaee and boiler haie the effect of miliguing the evil of smoke to a great 
extent. Much of the imofceless efficacy, howcTcr, of the Cornish boiler* 
arises from the use of Welsh coal, which contains bnt little bitumen, ud 
does not produce much tmoke ; and there is much less hurdship in com- 
pelling smoke manufacturers to use this coal if they feel disposed to reject 
other smokeless expedients, than to make the public nill safftr the inflic^on 
of so great a nnisuice. A mixture of coke and antbrtkcile, too, may be 
boTDed beaeficiallj in any fiimace of thecommoD kind: and the expense of 
such a mixture it not so great as (o be a reaaonable barrier to its employ- 
ment. Watt's plan, aigain, of coking the conl oD a dead plate preiious to 
iU IntroductioD to the furnace, is Tcry effectual, with jndicioni firing ; and 
at the chimney of the engine at Soho, where this plan has been in ose for 
hilf a century, smoke is never to be seen. Fig. S3, is the rcpiesentalion of 
Fig. 36. 



Bowell, of Philadelphia, took out a patent, in 1B38, for a very jndicioai 
fiinuKie of this description, the chief peculiarity of which was, that the beat 
from tbe coal was prevented from entering the water in the wake of the 
furnace by lining the thmsce with fire-brick ; and the temperature was 
thos kept np to a point sufficient for the accomplishment ot the desired 
object. A small steamer, called the Anthracite, was for some Ume run 
upon the Thames, in which the furnace was so constracted that the coal 
was gradnally made very hot before entering into combustion on the bara ; 
and the plan of Mr. Kymer, for accomplishing the combnnion of anthracite 
by meana of a 1^-blast, and by uuag bars with a trongb of water under 
each, ia well known. The water preserves the bars from being burnt out, 
and the steam which arises ftom it by passing through the fire carriet the 
heat into the fiuet and diffuses it more effectaally ; whereas, by bunung 
anthracite without steam, the heat is too local, and is liable to damage the 
iron of the boiler. There is not much difficulty, however, in burning an- 
thracite beneficially according to our views of the matter without these 
water troughs, if the furnace be made very large, be lined thickly with fire- 
brick, and a very thick stratum of incandescent fuel be kept upon the bara. 
The difficulty attending its ose arises from the circumstance of its being 
less easily kept alight than ordinary coal, — jnst as lighted coke is mo '" 
ficult to keep alive than lighted charccot ; and the difficulty is to be goi 
over by the same method that the difficulty was surmounted of using coke 
instead of charcoal in smelting furnaces, at a certain period in the history 
of oar iron manufacture. — the employmeat of larger flimaces. 

We have now, then, enumerated most of the smoke-preventing fiimacei 
that have occupied a prominent position in the public eye, though there are 
a vast number of analogous schemes, the names even of which we have 
been unable to mention: and the qneatiou very naturally arises at this 
stage of our progress, is there any really feasible plan for obviating smoke 
that would justi^ the legislature in pasung a stringent law to enforce the 




a SO-hoTw boiler, erected by Messrs. Boulton, Watt, & Co., for an engine 
made by them at H M. Victoallmg Yard at Deptford. The dead plate, it 
will be observed, runs in the same 1 ue as the ban, and the inclination at 
which both lie facilitates the trBusmission of coal from the one to the other. 
The gases arising from the green coal in passing over tbe fire are con- 
■umed. enough air being in the furnace to aceompliah their combustion. 

The best plan, however, for burning smoke that we are acquainted with 
is the revolving grate we have already mentioned, as improved by 
Messrs. Boulton and Watt, and applied by them to the boilers of the 
engines employed in the Bank of England. Thia apparatus ia shown in 
figi. 37., 3B., and 39. ; and its structure is so fully shown by these deline- 
Fig. 37. 




Horfiooul SKtlDii. 
IS, that a brief description must snffice. Tbe circular grate, aupportpd 
n upright spindle, is put into revolution by meviia ^ ■•teeVwork, and 
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wv 10 u to admit of tbe hopper being placed opon th« lop ) sod the hot 
■ir, proceeding irom the fire afler acting on this boiler, proceeda Ihrongh 
the flnea of a commoD viggoa-boiler to the chimDey. A 1edg« of brick 
aolTODiid* tlte grate to letain the coal apon it ; and nearl; andernemth the 
brickaprqectingplueof iron runs in ft groove of aand lo ai to prerent any 
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taeuft of air into th« ftiraaee. A box of cut-iron i> let in the brick-vork 
(D eoatain the bevel wheels, which give motion to the grate ; and the large 
wbcel, bj which the motion ia imparted to the grate, is aitoKed imme- 
diaMlf beiMath the but, with it* teetb protected, by the ring of brick 
above, f^om the fklling uhei^ The oallet tbr the prodncts of combustion 
ii, aa will ^ipear bja re&rence toj^. 38., on the oppotite aide of the grate 
to that npon which the coal is kdmitted, and the gases extricated fVom the 
coal bf Dunng over the incandescent fiiel on the other parts of the grate 
- It would be an improvement, we think, if the mpplsmeDtary 



boiler were done away, and the grate placed in a ftamaee of a similar shape 
to that of a locomotive fire-boi on the constmctioD of Uessrs. Bury and 
Co. ; and this flmace shonld be lined with fire-brick ; or ■ better plan still 
would be to make the boiler with perpendicolaj locoinotive tubes, after Ibe 
bihioD piactited by Heani. Bennie, and described in another put of the 

Fig. 38. 




tabes, being interposed between the tnbe plate Bad the fire, b 
the tabe plmle from iiyuTioas heat and to make the combnstion more per- 
fect withm the fornace. Boilers constmcted on tlus plan would emit no 
snuAe, would ocesaion no trouble in filing, knd would operate with a mode- 
rate eoDfomption of AieL 
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CHAPTER III. 



EXAMPLES OF BOILERS. 



e Ubnlaied compntatioD* of the fire and flne 
rmsnce of the different -rerietie* with reipec 
onsomptioD oF Aiel, and tuch other partical&n relative to their perfo 
ance as will be a guide Co the engineer and ihaw forth the best methods of 
constroctioii, we think it expedient to give drawing* of lome oT the boiler* 
of which these particolan are to be determined, bath to render oar tabulated 
reialtt clearer than thejr conld otherwise be, and to fumith the engmeer 
with eiamptea to avoid or imitate. These delineations are all made to a 
scale, and on the more important of them the Biles are also marked j lo 
that these wood-cuts maj serve all the purposes of working drawitipt — 
imlf an inch either in excess or defect in the length of a bi»Jer being a 
thing of DO importance. Sutjoioed are given two scales, the one or the 

Fig. 40. 



other of which is applicable to such of the boilers represented as are not 
measDrable bj an; of the scales in common nse. A notification will be 
given of each case in which either of these scales is to be applied. 
Fig. 41. represents the Butterl; boiler, which Is much used in the mann- 




fkctnring dictricts ; and /g. 42. a species of boiler called the French boileT, 
Fig.A2. 



b consequence of bemg of French ongrn This boiler is a good deal used 
in Lancashire, and ii spoken of highlj. We think it more conducive to 
accomplish perfect combustion than any boiler with which we are acqnainted, 
on account of the interposition of an arch of brick between the furnace and 
the Ixiiler bottom, — two lubes, connected to the boiler by means of necks, 
being the whole heating surface to be found in the furnace. The smoke, 
it will be observed, first passes to the end of the furnace beneath the brick 
arch, aod then, rising up, conies forward to the front of the boiler in the 
space left between the brick arch and the boiler bottom, after which it 
psssen, by the plan of a split, along the boiler sides to the chimney. The 
BulicipBtion, looking lo the peculiar conatmctiou of (his plan of boiler, 
would Duturally be, that the tubes situated above the fire would be liable to 
burn out from the accumulation of depositure in them, and that the steam 
conld only a«und lo the »ifer surface with great difficnity. and at the 



expense of a great agitation of the water, which might <x 
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•ede* of bmler, which says mac 
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Fig. 49. ia a tnuwverse aection of a 30 .horse-power waggon boiler of the 
kind employed by Messrs. Bonlton and Watt. This boiler will ierve as a 
type of Its class. We shall hereafter give the length, breadth, height, and 
(urAice for the different powers. 

Fig. 44. represents the btdlers erected by Mewrs. Maudslay and Field at 
the London tenninns of the Blackwall Railway, One set of them is on the 
Cornish plan, and the other of the ordinary marine construction ; and with 
the same amount of surface, and all other circnmstanees si nearly as poa- 
sible the same, the Corziisb have been found to he the IkuC effectual at th« 
pressure at which these boilers are worked. 
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Varittiet of Boikrt. 




TUi Tend wu proTided irith collating *es(eli withiii the boiler fbr ob- 
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bj Khnn. Curd uid Co. Thii tnuA pUes between Uverpoal ud Olu- 
gow, uid U well known for her nomeroiB excellenciet. 
Fig*. 60, SI 6S. 83, ud 64, (ft difEBrent view* of the bmlen of the 



a veuel Daaiiifli),cotutnietedb7HeMrt.OirdwoodlBCo4of Gkigow, 
Fig. 50. 




Seal* tkne-taih inch— 3 f« 



toi the Peninnilar Steam Compenj. These boilers produced *u sbimdance 
of steun for the engines, the cylinders of which were GB inches in diameter 
and 6 feet ia the leanth of stroke, bat they were expeoMte in cosL The 
plan of abcnler with adrableiier of fomacee seems to be more expensive 
ID ftesm, apart from all conuderationa of conTenience in Qrin);, lliui 
Fig.il. 
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btnlets msde with fiimicei in the ordinary wa;. The steam ri«iig tnym 

tbe under fdniace will impinge on the iron of the Mh-pit of the npper one. 

Fig. SS. 
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Varittia o/* BoOert. 

wlueb » kept at ft lo« tanpentnn br th« ttr«*ni of cold «b rntbioR to the 
fire > kod it ii probable that a good deal of the fleam i* eondenud again 
after it hai been geneiated bj t£e rebigenloTy effect of the nperior aib- 
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VariitKt ttf Boitm. 
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Scda aH.*l(bth loehiHt fknt. 



VarietKi of Boilers. 

J^o. 69, 66, 67, and 68. are delineatiaiu of the boilers Of the Unicorn 
Reamer b; Mmo*. Curd and Co. i and ,figt. 99. and TO. Kpreaent the 




baQcn of the uster ihip, the Eagle, alao by the nme makoa. Hers i« 
nothing of peculiar exe«Ueoee in theae plana ; ud, for atean TeneU, we 
h(£«T« bwlen of thia kind will be aapenedad bj the tnbalar plan of bwlar. 




of which we ihiU gire all the bat ipecimmt. But a good number of 
MSen upon the eommon fine plan are atill madft to &at iome apeeimena 
of them are indii^enaable ; and, mdeed, there are fdU fiv more Sne boilen in 
oae than there are t^any other deaeription. In meet of these bcdlen it la 
& bait that the fttmacea aremadetoobnig and narrow, and the eonaeqnenoe 
la, Aat ft It impouible to fire them on a long aea-Toyage, eapedaOj in 
tfonny weather. It ia much preferable to reeirlct the fbniacef to a mo- 
dttau lengtt, and give Ae ban a oonaiderable elemtioo, ao that die; 
■tw^i be wen eorered with eoa] at tte after end*. When the ftanaeec 

an very ^)ltg, a nod deal of air -^— " •--' *^- -*■— 
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tSffi. 71, 7S, and 73 represent the boilen of the Thuna and Medirtj, 
two Teneli ot Urge nie, cousbrncted b; MeMi*. HandiU; «nd Field for 
the B^tl Hail Stain Picket Companj. The boUen of theie vvuek have 
been Teiy iiimiifiil, and are among the best ■pecimen* of the flee boiler 
M u^icabla to marine engine* bitheito produced. We do not knov <^ 
uj bmler of tbu kind that eagineen naj imitate with greater aafety, ai 
i^udt their power of generating Meant, thoo^ there are many apecimeni 
diitingniihed hj a greater dorabuitr. In aome of the bmlen recently in- 
trodnced in the Boyal Hail Steamen, the fbrnaeeaitanduhwartehipa, and 
"■- -'-i« attended whli the material adTant^e that the ooali trim more 
' r the ooal rcHrre in thia arrangement dtnated behind the bculera, 
ler d^6t itanding between the bcnleri and the engines, eom- 
. . . immediately with the atoke-htto, whereby an esiy tianiCer ot 
the ooal beeookee aeoompliahable. 



theplanit attmd 
e««ily [ for the 0( 




Varietia ^Boilert. d 

Figt. 74. and 7S. *n alio tieirt at the b<ulen of tlie Thunes and Hed< 
wn. Then t»wi ira perpendicnlu teetiou throogh the linea A B anil 
CD, dMwn in theboiuonuaiectionllirDagbllieruiiuiccSij!^. 71., tnd th« 
, . ....... .... _ . j^ jj The dotted iweep* M the wo 

of the fine into the tunnel The floe 
_ t as it approache* the chinmej, fbr the 
■ame area ii not required for the tmununian of the oooke after ita Tolome 
ioM been contracted bf the commnniCBtian of heat to the water, and a lew 
depth of water ibore Uie floe nificei after the heat of the imoLe traTeniog 
it has been irell nigh ezpeaded. The bridgea B (Jig. 74.) are vater bridgea, 
and their fnperior ridge* do not nm in a boriiontal, bat in an oblique 
directioii, the de«^ of which is Co fkcUitate the extrication of the it " 



There are Ibnr boilen in al 



, and the boilers ara fired from both end*. 
Fig. 76. 




Figt. 76, 77, 78, and 79., represent the bailers of the iteamert Dee and 
Solvajr, constrncted for the Rof al Mali Steam Packet Compan; by McsRV. 
Seott, Sinclair, and Co., of Greenock. These boilers, it will b« remarked, 
baTe ft doable tier of fdmaces one abore the other, inMead of being fired 
from both ends a* in the preceding example. The leogth of the afiennott 
firing space i* saTed to the vessel b; this arraogement, bn* tbe plan haa 
di«*dT*atagn enoogh to orerweigh thi* benefit. Of theae, (Be cluef per- 
hi^ ia, th^ it i* Terj difficult to fire the two tier* of Aimacea effectually. 
The osala, moreoTer, do not lead ftom the coal boxes ao eon^eiiienlly, or 
•0 well '"fi'"t*'P the trim of the ship, a* whea the boiler* are fired Crom 
both enda. It appear* to aa, moreoirer, that the steam ri^g ftam the 
lower tier of fdrnsee* must be coaled and weakened bj it* impact against 
the ashpit bottom* of the npper tier, bto which a clream of cold air h 
alwaj* pasaing to maintain tbe combustion of the Area. The aahpitt, 
are neeeesaiily incouTeoientlj' ahallow, aod, as will be remarked by 
referring to fig. 78., it becomes difficult with luch ahalknr sahpits to 
obtain the necessary inclination for tbe fdni ace liar*. These conudnation* 
indispose n* to tbi* description of boiler, and indeed it it bat fklling tola 



VarietUt t^Brnkn, 



Tbera an thrw lidlen in Meh T«ud, wifli nz ftinucei in etch boiler, 
makins eiriitean ftini*e«i in each TcweL The boilen represented are 
pi^l^T thoie of the 8oli»7, for those of the Dee, ioitead of being each 
ronnded Ml the top in the manner shown In the dniring, haye the top ear- 
ned in one (weep from the one dde of the boiler to the other, m> that the 
tOD* of the leteral b<Hlen form eonjoinUr part of an eUipM. The total 
hMtiag nrhoa ef theae bmlera u 415G iquare feet i total fire (or&ce 
46B904 ■qnare inohett wdght of each IxuleT %'i\ tool) the diameter of 
the eylmden of thew Te«eU ii 73 inchee ; length of Mroke T feet i 
Bontinal bnae pover 4D0 1 heatiiig nuface per hone power 10-3 iquare 
(ket; Are nuftce per hone power 117 (qnare inchea. 
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In foniaeet with two length* of fVuvace ban, it ii a good plan to make 
the centn bearer doable, m that the enda of the ban may baTe a ipace be- 
tween them through which the aahea will be precipitated ; the ipace Ihni 
left enables the btt« to eipand withont injorj on the application of heat, 
whereia, withont some such proviaion, the bara are very liable to get 
bnmed ont by their centre* bending up into the fnmace, or el»e the logs 
which carry *!•• bearer bsn will be perpetually being carried away, A 
umilar ipace ahould be left between the fon end of the ban and the dead 
plate at the ftaraaee moatb, and care should be taken that not only Ibe enda 
ofthebandonot tooch, bat that the heels <rf the ban do not le&t against 
the fumaiie bearers. 
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Scalfl one dglith lDcb= I foot. 
Horluntil SmUdii. 

The bridges of these boilen are, il will be observed, of brick, and come 
tolenbly close to the fdmace top. In anch cues il ii eipedient to make 
the upper part of the bridge conaiit of one or two fire brick blocka which 
may he lifted otF when a person requires to enter the floes to sweep or 
repair them. The continual knocking down and building np of bridges 
becomes otherwise very eipecaive. In boilen of this contraction it is diffl- 
cult to light one tier of Grea after the othen bare been thoroughly kindled, 
as the fires first lighted keep the lead in the dnught. It might be antici- 
pated that by firing the tien of fires alternately, the amoke wo^ be baraed, 
. but lach il not found to be the effect 
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Varielia of Boiiert. 



Figt. 80, SI, 8S, 83, 84, 89. repi«WDt the aA^psil btnlen of the Great 
Weatern itMmer u made by Heant. Mandalay, Sooa, and Keld, and Jigt. 
86. 88, 89, and. 90. the preunt boilera of the nme TeMcl, irbich are of 
the tabolar deuription. Theae tabular boilen are rather ahoit of (team, 
the fkolt being that the tabes extract ibe heal from the imoke too 
effeetnallj, and leaTe bnt little waits heat to maintain the dianght : but 
diii eril maj eaaily be remedied, either by pntUng a Ream blaM pipe into 
(he ebimnej, a> in the cate of locomotive*, or by enlling a hole throogh 
the waier-ipace Uiat leparatei the inferior and mperior imoke boiei at the 
after end of the boiler, so that aome of the amoke will aacend the ehimney 
withoQt paning through the tnbes at aU. These perfbrationi might be 
fitted wiA dampen, M ai joal to allow enongh hot air to eac^pe t£vagh 
them to maintain the dranght, and no more. 



Fig. 9i. 




Provlnoa hai been made in tbeee boilen for the introdaction of a fitn bli«t, 
vUefa would at once cnre the evil of a defective drafL The fumscei 
vmld, in thia plui, be made doae, and the blan would be introdnced into 
• elmaberat uie back of the aahpit a-, fig- 90,, fmm whence it would paw 
into tlw aahpitt by neeki a ^ a, Jig. 66. One inconvenleoce, however, of 
« bn Uaat una applied it, that the imoke comes oat of the furnace doon 
TCij nttMh when they are opened. 
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The particDlan reapecting the acarcity of iteam in theie boilen we have 
obtained from Mr. Gappy, by whom we believe tbe boilen were deiigned. 
Almoit every engineer haj made tabular boilen that were abort of ateam, 
bat we never before met with one who aekoowledged it 




The original boilen of the Great Weatern, aa reprejented in figi. 60. to 
B5., contained of flue inr&ce S9S0 square feet, and of flimace aarface S90 
aqoare feet, making 3840 square feet of healing snr&ee ; area of fire §r">te 
SO! square feet: capacity of steam room tISO cabic feet; weight of bralera 
and steam pipes 303 tons ; weight of water SO tons \ average consumption 
of cool 1000 tons per voyage oat and home of 27 or S8 days. In the 
tabular boilers, figt. B6. to 90., die tube aorbce is 3900 square feet, smoke 
box surface 830 square feet \ famacea 430 square feet ; making 7190 
sqoare feet of beating surface ; area of flre grate 145 square foet ; weight 
of boilen 96 tonsi weight of water S3 tons; capacity of steam room I3S0 
cubic feet ; average coQsnmption of coal per voyage ont and home of 39 
days 696 tons. The speed of the vessel, it will be observed, has somewhat 
declined with the new boilers, bat there is a greater economy in fuel upon 
the same distance. The horse power of the Great Western is about 400 [ 
the particniatt of the two boilen will tiierefore stand as follows : — 



Varklia of Boiler t. 



HMting torikce par hon« ptnrer 9'6 17*879 
Fire-grats per hone power -S -96S5 

Steam roam per bona power S'87S 3'S 

Coal per honr per hone power 8*333 i-« 

The aoaniinption of foel, a* here eet down, it mnat be borne in mind, it 
IhUof theold boiler in iu raperanniiited itaU^ and of the new boiler io iu 
bat ttate. The old bailer when new did not eonnime more than S Iba. of 
ooal per hone power per liour. 




The tabn of then tnbnlar boilen are (rf iron of 3 inehea internal 
diameter, and 8 feet in length. The Aimaeee the B feet 3 inehe* Id length, 
which ii is our judgment a greater lengtb tliaa can Im flred c^toallv on 
■o loD^ a Toyage a* the Great Western has to perform. The water within 
the boiler rises some diitsnce above the top tabes : it wonld be better, we 
think, to let the retnm tubes go through the steam, which wonld dry it 
Tei^ eSMuall;, and aurobarge it in some degree with best. This could 
easily be dooB br lowering the water leTel, and the hot air will be soffi- 
oieady coaled after passing throagh the lower tier of tubes, to prerent any 
iiynr; to the upper tier &om an excess of heat. One of the advantages of 
iron tubes, is, that the; can be salyected to a degree of heat with impunity 
that wonld be unsafe to apply in iJie ease of brass tubes. It is said, how- 
ever, that the scale adheres to them with greater tenacity than to brass, bat 
this objection is not likely to prove of much weight if the boilen be well 
blown out, for, in that ca«e, very little scale will be formed at all. 



J^ 91. and gs.repTeaetit the boilen of the British Qoeen steamer, oon- 
■tmeled to ply between London and New York. There is nothing very 
peculiar in this kind of boiler, and indeed it is nothing more than the 
common marine b«ler at used for the ordinary ooastiog vessels constructed 
upon a larger scale. There are four boilen in the vessel ranging athwait- 
shipa, contuning in all fourteen fomaces, the wing boilen containing finr 
hmacea each, tad the midship boileri three ftimacee each. The projection 
of the water-space into the flues at the after-end of the wing buler is to 

Fig. BS. 
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obiiate a back-draft in the furnaces, in consequence of the enrrenta of hot 
air meeting one another in a direct antagonism at the pmnt where they 
coalesce, and which they would do bat for this protuberance, which defleeti 
each of them eofficiently to make it enter, without conflict, the longitudinal 
fine. These boilers were kept supplied with ftoh water, as the engine* 
are fitted with Hall's condensers, which retnm the condenaed steam to 
the boiler to maintain the water level This apeoea of condenser is now 
discontinued in most vessels, u its weight and expense are formidable ob- 
jections, and it does not act as a preservmlJTe of the iron of the boiler from 
corrosion. One government vessel some time unce fitted wilh_ HaU's 
condenser had do less than SS miles of copper pipe for accomplishing the 
condensation of the steam. The use of salt water in boilen is attended 
with very little inconvenience, if they be often blown oat, and their dura- 
bility i« Little if at all increased by the employment of fredi water. 



Varietia qfBoUert. 



Pljt, 93, it, lud 99, rcpretent the boilen of ths Citj of London, 
auner, ■ tcmsI latel; constructed bj Mr. Kapier of GUigow, to ply ba- 
teu Aberdeen and London. Theia boilen are much apon the plan of 
boilen of the Thamei and Medmy, and are flred from both end* 
rtemd at from one and, u b the boilen of the Britiih Qneen. There u 
baoging water biidge, it will be obserred, at the end of the Ainum^ 
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{fS- 93.) benealli which the Same hw to descend before it ean enter the 
bue. This amngement we look npon as Terj jodicioni. The hot air, 
br Tirtoe of its nieciflo Urity, ascends into the npper part of the fnmace- 
chamber, where it remains ontil it he* giTen oat a considerable portion of 
iu heat, and it ii only after its (peoific grarity has been increased by the 
♦Ttfanimi of heat that it ean oreifiow bto the floe*. It is alio a good 
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HariuDU] Sectloci. 
Ttizmtb FIOH. Tbnnfb fDrufoi. 

inetiee to plaoe a hanging bridge of sheet iron at the after end of the floe, 
lAeie it entan the chimney. 

FfaUe XXXI represents the boilers of the Sydenham, and ii a common 
type of boilers made at the Qorenunent yard at Woolwich. 

Flale XXXII represents the boilers of the Bragania, a Teasel with 63 
iad eylindeis, and 5-A inches stroht. These boilen which an by Messrs. 
Bary, Caitii^ nd Kennedj, haTe been foond Tcry talitfsctory and inc- 



Ftjj. Be, ST, and 98, represent the original bcnian of the steamer 
Tagns, oonstrneted by Messrs. Seott, Sinclair, ft Co. ; and fi^ 99, 100, 
■nd 101, the present boilen of the same Tessel, which ere of the tubular 
description, made b^ Meun. Miller, Raienhill, & Co. The following are 
some of the dimensions of the original boilen : — Length 34 fret 3 inches, 
height 10 feel i breadth of each txuler 7 feet B inches, making the total 
brndth of the boilen abont SS ftet 8 inches, with plxijectionB of iiTet 
heads. Length of under fdmace* 8 fret ; length of apper foniacea 7 fret 
eincbea. Breadth of ftimacea 3 feet; total nomber offtimaces 13. Each 
bdler eoitMiM fbortecD iron pipes of abont 10 in^es in diameter, and 10 
fret in length, tlirongh which the emohe passes on iu way to the chimney. 
These pipes an formed of boiler plate, with tnned ringa orcollan attached 
to each end, which are inserted into hole* in the ain(>ka-boi plates, and 
then rireted orer. TheseriTetaareUabletogetlnmedawayby theaction 
of the flame, as the oollan within present the waterlhtm getting ar — ~~ 
the angle, and the plaiet into which they are flr"' '"■ ' ' 



Itn 



rhich they are flxed then get pressed out \j 
lid be a good plan to oorer theae liteti with 
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than tbtt of Iha tabM. 



M Blcisn. ftliller 
(jWcimeD of tobaltr boilen, for the; we liable to 
prime, and the vater-lerel, in comcquenee of the 
Alevated poiitioa of ths tobet In the crown of the 




boiler, ii liable to inddeD and Urge flnctnitiona. 
TheM boil«r< are flred from each end, u b the caaei 
of leTerBl of the boilen we have already detcribed, 
and there are four boilen in all to nip|ilj the eoginea 
wiih steam. The ejUnden are 62 inchei in diameter, 
and the length of the alroke 5 feet 9 inchea. The 
boilen are 10 feet long each, making the length SO 
feet when placed back to back, or with a pataage be- 
tween the ends, and measuring orer the fdrnace- 
mouths about S3 ftet, aa in the caie of the former 
boilen. The width across the boiler, at the widest 
part. Is about 7 feet, and there ia a passage between 
the boilen. making the total width of the boilen 
about IS feet. The height is S feet, bat the whole of 
the apace above the top of the bcnler Ii occupied with 
fbnneU, pipes, and steam chests, whereas in (he former 
plan ciwl was carried above the boiler. The saving 



Fig. 100. 



Fig. 101. 




in width ij therefore nearl; made up by a loss of 
ip»ce In the direction of the height, and Aen there ia 
the extra room occupied by the after firing apace, so 
that, clthongh theae boikra m imal], the^ in reality 




Figi. 103 and 103 reprcaent upon a larger scale a set ol 
Hiller, RavenhUl, & Co., fbr the steamer Madrid. Theae drawing* si 
themselves that they do not require any description. 

Fiyi. 104 to 109 illiutrate the eanseaof eipltMlon of a tubular boiler in the tteamer Cricket, a 
imalf veaael plying apon the Thames. The causes of thia accident were ably inveatiffated bj 
Mr. Baker in a series of aiticlea published In the Mining Journal, fhnn whloh paper uese cnta 
are taken. Mr. Baker ver; clearly shewed that the eiplouon had its origin in a grMS malftirm- 
ation of the boiler, whereby iia strength was impaired, while the aalHy valves were at the 
•ame time prevented from acting efficient];, to that no ordinary amount of eareftil management 
eoold have imparted safety to inch a boiler. 

Fig. 104 li a loagitndinal section of the boiler of the Cricket in Its original state- A, is the 
bottom of (he funnel ; B, the steam dome ; C, the saf^y valve cheat fitted with Salter's spring 
balance acting on the end of a lever ; D, waitc steam pipe i E, easing over steam dome i F, blast 
pipe; G, furnace; H,H,H, tabes i J, lower part of Mh-pit, the pluc of which, ori^nally f tba 
thick, was wa«t«d bj corroaion from leaki^ &C nntil It waiooly ^thidiick whenthe rqitare 



VarietUi o/BoUert. 
Fig. 103. 




Fiff. 104, 



took j/lace ; E, mIi [ut ) 3, inter larel j 4, level of water at neond gtoge 
sock, 4 inehei liigher. The dotted linei at the front of the boiler, asd at 
Ibe top of tlte fin box, (hew the bulging and dutoition which had taken 
|ibM long prior to the explodon. 
Fig. 107 If as enlargement of a part of the bailer ihewn in^. IM, and 
Iht wtc* letter* rf Trferance apply to 
each, but a and 6 are Iwi angle ironi, 
not figured in the drawing on the 
aller Ecale, ode of which prevented 
Ihe odeqiute nw of Ihe lerer of the 
safety valve. This levrr ii shewn in 
two don«d positions, of which the 
lower shews the riEe neceaiary to give 
an area for the escape of the 
equal to that of the waste Meam ppe, 

3ial to that 
the valve 
ItMl£ 
J^ 105 





ole of the lower tttj. Figi. 
same itaj, as fixed at first, 
and M displaced prior to the deatrnctton 
of the boiler. 

A, is the hemispherical sheU at b>ck 
of boiler; B, back of tube boi ; C, lour 
which appear to have been in- 
for the sitacbment of the angle 
iron, which however waa placed 3 inchei 
l^heri D,in^. 1 08, shews in what way 
anotter angle iron shonld have been 
placed to luke the stay efficient. Mr. 
Baker has proved that b; the displace- 
ment shewn ia fig. 109, the internal part 
of the boUi-f iietcd IIS a leviT to rupture 
CO Q joined 
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wu prBTented fron eMtping 
tr«t\j, bant the buk uid Ront 
parU oTtlie binler unoder ; th« 
trant and intenutl p*it) of the 
boiler b^Dg breed fbnrud until 
kiTMted bT the eagioe. and the 
whole of the ibell of the boiler 
except the front, being projected 
Ibrongh the cibiDi oat at the 
Item of the ihip, rending tbe 
■idea of the Teaiel aiunder 
during iu adTanoe. 
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Figi. 110, III, 119, and 113. Tepreaent a marine boiler vith nprigbt 
tnbea. a kind of boiler to vhich ve haie already made aereral aUnnoni, 
and which, we are peimaded, will before loog come into extenuTe nse. 
Thit boiler, H will be remarked, hu the water oubndt of the tubea, and the 
Upper portion of the tnbet doea not pan through the water, bat ool j throDgb 
the it^m. by which the Ream is Iborooghlj dried, and any inconTenience 
tttsJD priming connteracted. We haTe another apecimen of thii boiler to 
give, and ih^ reierve what we haie lo lay abont tha plan nntil we come 

Figi. Ill, IIS, 1 



known (br her iwiflneu and effleiency. The otjeet thii boiler teeka to 
attain ii lightoeti, and it ii therefore made ao as lo hold very little water. 
II doe* not, howeTer, appear to be well calcolated to nutain anr consider- 
able preuare, thongh this ii ac otgect of importance in Tenela mtended lo 
go fiut. The following are aome of the principal dimenaiana i — Lengdi 
Figw. 114, 115. 




Iff 8" I breadth 12' 8"; height S'O"; length of fnnacet S'a"! length of 
tabeaa'7"; breadth of ftiniacea 2' 8"; diameter of tabes i\; material of 



tnbea brass. Total nnoiber of tabes 338. Diameter (rf cylinder 
en^ea 39^ ) length of stroke V 6". There are two engines on the direct 
action plan. Collectite power 76 borsea. 




If any considerable presnu« of steam be employed in thi« boiler, it w 
be neceasary to stay down the boiler top Tery firmly, both to the topa 
the fomaces and the bottom of the boiler ; for the tant acting against t] 
boiler top, aod lending to raise it apwards, will be immense, if a high pre 
«are be adopted. To nay the boiler top to the tops of the ftimsces aloi 
wontd not be snfficient, for the tops of the fhmaces might alter their fbn 
and the slays would then be of very little avail The stays to the botio 
of the boiUr, howerer, if carried in the nsnal way, woold have to 1 

J^^ 118, 119. 
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attached to the bottoms of the water spacea, and there they wonid b« 
much in the way when the boilers are being cleaned. Indeed it woold be 
almost impoHible to clean out tbe water lege effectually with stays so sitn- 
•ted. and the best method, Ifaerefbre, appears lo be either to stay die bcdler 
top to ■ strong inrerted ai«lt ipwuing Uie water spaces, or to place a foe- 
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Manon of iron mlin over the ftmuee topt, to Keep them in Biimpe after 
the&ddooprmetiMdiaStcpheiiMo'a loeomotiTei, and to ft«7 the bwLer tt^ 
toiheie. 

Figt. ltd, ISl.Tepment uiother boiler vithnprijchttabei (having the water 
ootude of diem), die deaign of Meun. Renme. rhi» 1>oiler ii intended to 
■apply (team lo an engioe on land, and its eiteriur u thereibre composed 
of a cylinder of brick-work, between which aod the boiler sbeil Che imoke 
it made to circnlaU on its wt,j to Ibe cbimney. Thii brick cylinder ii 
■nrmoonted by a cast-iron dome, the edge of which fits into a groore con- 
taining nod, and aecen can readily be had to the endi of the tal>ei by 
nuiing np thu dome b^ the tackle applied to the eje Axed in it* centre. 
Thia kind of boiler ii identical in ail iti important feaurea with that repre- 
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aented in j!^ 110, 111, 112, and 113. Thai ttoiler, however, ia intended for 
a iteam veasel, and is, indeed, the boiler of one of Ihe Cog vessels working 
^wa the Thames. As we happen Co have a very high opinion of this 
variety of boiler, we most consider iu merits in some detul, and therefbre 
tefiv back our readers Co jf^s. 110, 111, 113, and 113, a« it i« to thatspe- 
dmen oar remarks chieSy apply. 

The diameter of that boiler is 6 feet; height, II ftet fi inchea; diameter 
of fire-box. 5 feet S inches ; distance from top of bars to lower tube plate, 1 
fbot 6 inchea ; distance From lop of bars to ashpit bottom, I foot 7 inches ; 
length of tubes, 8 feet; diameter of tabes. S inches ; distance from centre to 
centre of tubes, 3 inches; diameter of lube plule, 3 feet 10 incbe& Ilnre 
is a clear ipace of 1 foot a inches all ronnd, between the tab^ and the 
boiler thetl. The height lo which the water rises along the tabes is 9 firet, 
leaving 3 feet of the tubes to traverse the steam apace. There are 145 
tvbea in all, and, reckoning their effective length at S feet, Che efTective 
tabe aaifkea ia 3ei'33 feet The fire-box surfiice is !0-9e feet, making a 
Mai of 41S'03 square feet of effective heating surface. The area of the 



fire-grate is S0^6, and the proportion of fire to heating sarfhce ia I to SO 
□earij. One of these boilers supplies the engiue of the vessel with steam, 
the cylinder of which is 3G inches in diameter, and the length of stroke 38 
inohes, the number of strokes per minule, 35 light, S6 to 30 when towing. 
The consun^tion of fuel is 10 cwt. of coal per four hours, including getting 
np tieam. The tnbea are of iron, and show no symptoms of injury from 
the application of beat above the water level In some of the boiler* 
conatracted on this plan the lower tube plate has cracked between Che 
Cubes, and we Chink Ihe breadth of an inch of iron between the tnbes is 
insofficient io BujsC cases. It would be an improvement, we think, lo 
aigaag the tubes, wuicu wuuid leuvu more kron between the lubes, and. at 
the tame time, would not prevent the introduction of an insirument to 
scrape them when nec«sssry, al leaat diagonally. It would be very expe- 
dient, too, lo defend Ihe tube plate from the heal of the fire by a flre-bnck 
dome perforated opposite to eacb inbe. In that case, however, it would be 
necessary Co give an additional tube surface, as more beat would Chen pass 
into the tubes than if such a dome were not employed. It is one drawback 
to the merits of thia boiler. Chat it will be liable we fear Co eorrode io' 
temallj more rapidly than common boilers. One of the most infinential 
causes of internal corrosion appears to be the existence of surcharged steam 
wichm tbe boiler, and in this kind of boiler the steam is almost necesaaiilj 
surcharged to some extent The surcharging, however, will be less con- 
siderable if there be a large heating surface, which may easily be given. It 
will be necessary io applying boilers of Ibis conslrucliou to steam vessels tc 
adopt means of blowing out tbe snpersalted water very effectually, else the 
scale may fall from Che lubes upon the cube plate, and occasion injurv. 

One very obv ions objection to this plan of boiler will present itself to oar 
practical readers, which is. Chat a deposit either of silt or scale wilt be 
liable to take place on the top of the tube plate, which will, in consequence, 
very soon bum oat. Thia evil is to a great extent met by our snggestion 
to interpose a fire-brick dome between the tube plate and the Sre ; but we 
have not been able to discover chat any sensible inconvenience has arisen 
fhim such depoulures in boilers of this construction, even without the ex- 
pedient we have just described. The agitation of the water, caused by Ihe 
ascent of the steam np Ibrougli it, is a powerful antidote to any settlement 
where it is going on, and the particles of matter mingled with the water, 
and out of which scale is bbricaled, find Iheir way by degrees lo the sides 
of the Ixuler, where Ihe water ia tranquil, and there they finally settle. It 
is expedient, however, in boilers of this kind, either to blow off very flre- 
queotly, or to have brine pumps, which change the water in the boiler 
rather l^Cer than usual. It would be a further improvement to place a 
collecting vessel within each boiler. Inatruments of tbia kind have hitherto 
been very little used in steam vessels, but in land boilers they have long 
been employed with advantage, though in that case Ihe advantage is of leas 
accounL We shall at a more advanced stage of onr progress give some 
specimens of collecting vessels as applicable to marine boilers, but may 
here, for the sake of making our recommendation intelligible, explain the 
aim^esC Jbno of collecting ve«sel as applied to waggon boilers. 




We must first, however, premise that the addition of particles of ex- 

tnneous matter to boiling water ftcilitatea Ihe extrication of the Steam, 
and, in many cases, lowers the temperature at which ebullition is carried 
on. The generation of steam is most active in those situations whent 
those particles exist, so that, indeed, the steam appears aa if it come out 
of them, and the particles are coutinoally buoyed up b; the steam in its 
ascent, and prevented fhnn settling where the ebullition is active. If a 
vessel with a narrow mouth be immerged in a boiler under such circum- 
stances as to preserve the water within it in a tranquil sute, the vessel 
will speedily become filled with depositure resembling mortar, which, 
could it have settled, would bave been indurated into scale. Of this cit- 
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cwutuoa adtantage a taken'ln the conitnictian of coUeetme TeaaeK for 
if tb« whole of the water in a boiler be is a nate of ehollitioD except a 
portioD coDlained ia aa internal Teuel, into that leuel the depoaiture 
Till find iti way, end from thenoe it may be ' remoTsd by blowing oat 
Fi^. na. repreienta a collecting veaiel auaehed to a eommon waggon 
boiler which will iUuscrale the meana of applying theae principles in prao- 

Fig. 133. 




tice. a a reprwentt the boikr, which hai been cat, and a part iwmored 
for the parpow of ihovlng the interior. 6 ii a box into which the depo- 
aiture falli throngh Che neck c, within which ii another cylinder, or rather 
fhutmm of a cone, which may be raiaod or lowered to anil the water IcTel 
and other circomitancea. These parts are all made of sheet iron, d ia 
an asitator for stirring np the depositnre within the box previooslj to 
blowing oul, (br which purpose a rod pu*ei throagh a stuffing box on 
the boiler top famished with a handle, which may be turned round, t re- 
present* the pipe throagh which the depoaiture is discharged, /the blow- 
off cock, and g the bollom of the boiler. It would b« easy in • boiler 




Tttseli feeding themteltcs, which they would do mnchmoreeffednally, 
mnch more cheaply, than can be done by hand. Boilers on this npri 
plan might be nnged acroei the vessel thua, 






ooo ooo 
ooo ooo 

with a crucial passage between them, and the 
only be of a width sufficient to enable the attendants to light and clean 
flrok We cannot here enter into the details of the application, bat I 
remark that in thoae cases in which ic may be inconienieDt to drop 
coal upon Che £re throngh a slit from the top of the boiler, it will probi 
be foond the best way to combine the boilers, so that one revolTing g 
will suffice for two sett of tubes, and the coals may then be inCrodu 

^ 136. 
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between the tube cylinders, and immediately orer the fire. One matt 
BdTantage of chit arrangement ia, that there will be no smoke— a ri: 
often claimed fbr the Cornish plan of boLer, bnt wiifaoot an; title the; 



Fig. 127. 



with upright tube* U 






e of the tubes I 
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The remarks which we haye already made reipeeUng this spede* of 
boiler are sufficient, we conceiTC, to show that the ohjeclioai which might 
be brought against it are not of iin iosuperable cliaracter. Its recommenda- 
tions, however, are not of a ne^tiTe kind, and it possesses (wo of weight 
enougb. we conceive, to endtle it Co a preference over mon kinds hitherto 
projected. The first is, that if the steam be taken off by a perforated pipe 
there will be but little priming ; and the second, that the constmodon 
&eilitatea the introdnctiou of the revolving grate described in page SS. and 
which, we anticipate will come into general use fbr steam vessels. There 
ii nothing in the revolving grate too complicated for such an application, 
and it wonld be a matter of great importance to have the furnaces of steam 
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ikrther than what arises from slow combostion, and the use of Welsh coal, 
and both of these points may be attained in any boiler. This, we think, will 
appear clear enoogh by a reference to the representation of a Cornish 
boiler given in figs. 123, 124, and 125. This boiler produces no smoke, 
but there is no peculiarity of structure to bring aboat such a result, and the 
whole efficacy arises from a slow combustion and peculiar coal — advan- 
tages which are not exclusively Cornish. The diameter of this boiler is 
6 feet 6 inches; length 33 feet 6 inches. Length of furnace 6 feet; 
breadth of fhmace 3 feet 10 inches. A tube of about 19 inches in dia- 
meter, filled with water, runs through the main flue, which flue is a con- 
tinuation of the furnace. 

Figt, 126. and 127. represent a small tubular boiler constructed by 
Messrs. Horton and Son for a coasting steamer called the Zephyr. This 
boiler has been fbund to perform well, and is, in every respect, satisfactory. 
The tubes are of iron, 3 inches in diameter, and 6 feet long. Length of 
furnace 6 feet, number of tubes 168. 2 engines. Consumption of coal per 
hoar, about 6 cwt The pressure of steam is about 5 lbs. on the square inch. 

Fi^ 128, 129, and 130. represent another boiler, by Messrs. Miller, Ra- 
Tenhill, and Co., of the tabular kind. It is identical in all its main features 
with the boilers of the Tagus already described, and the same remarks apply 
to it It has been found expedient to introduce a jet of steam into the chun- 
ney of this vessel to quicken the draught The tubes are of brass, 34 inches 
in diameter, and the tube plates are of iron. A galvanic action between 
the brass and the iron has been found to arise in some boilers, which shows 
itself not at the ends of the tubes» but at the ends of the athwartship stays 
which bind the sides of the boiler together ; and the iron plate around these 
stavs very soon acquires the appearance of having been scooped out by a 
knife ; but in other boilers no action of this kind has been found to take 
place, and it has been doubted whether a leakage caused by the inadequate 
fitftening of the stays has not had something to do with its production ; 
nevertheless, in several cases of brass tubed boilers which have come under- 
oar observation, the action has been very remarkable in the situation we 
nave mentioned. The evil would probably be obviated by the application 
of a washer of zinc The experience which has been obtained with tubular 
boilers since the first publication of the present work, certainly shows that 
brass tabes are on the whole the most eligible. Iron tubes are speedily 
eaten into hol^ by corrosion, and it is remarkable that the corrosion chiefly 
takea place upon the under side. Brass tubes, on the contrary, are foand to 
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last many years. It appears to be the best plan to refrain fit)m attempts 
at scaling brass tubes, but they may be withdrawn once a year, cleaned and 
re-inserted. 

Figs, 131, 132, and 133. represent the boilers of the steam vessel Ocean. 
The tubes of these boilers are of iron 3\ inches in diameter and 9 feet long ; 
furnaces 7 feet long and 2' 1" wide. There are three boilers in all : the 
centre one with three furnaces, and the two wing ones with two fUrnaces 
each. Total breadth of boilers 19^ feet ; total length 14 feet ; total number 
of tubes 378 ; two engines — diameter of cylinder 56 inches ; length of stroke 
5^ feet ; pressure of steam about 4^ lbs ; consumption of coal about 18 
cwt per hour. In ordinary coasting vessels we do not approve of the 
plan of firing from each end, as the length in the vessel occupied by an 
additional firing space is a manifest waste of room ; and there will be 
no difficulty in short voyages, aboat maintaining the trim of the ship 
on account of the stowage of so evanescent a cargo as coal in the wake of 
the furnaces. The object shoidd, we conceive, be to obtain the requisite 
number of furnaces in the breadth of the ship, and then to add a sufficient 
number of tubes above the furnaces to extract the heat given out in 
them. In cases where this cannot be altogether, and yet can be nearly 
done it is a less evil, we conceive, to put a few Aimaces in a second tier 
into the midship boiler, rather than change the whole phm of the boiler 
by firing frx>m both ends. In most cases we believe it will be possible to 
get sufficient room for the furnaces in the breadth of the ship if the engines 
be wrought expansively ; and tius may be done, without afifecting the 
power, either by applying high pressure steam to the existing size of cylin- 
ders, or by introducing larger cylinders, and retaining the steaim at a mode- 
rate pressure — that is, under 10 lbs. The latter plan in the case of new 
vessels is, in our judgment, greatly the preferable one ; and we should 
recommend all new steam vessels to be made with the cylinders very large, 
while the boilers remain of the same dimensions as at present, except in 
the case of vessels impelled by the screw, where the engines may be worked 
at a very high speed — an increase in the speed being equivalent to an 
enlargement of the cylinder. A great force is thus available for the pro- 
pulsion of the vessel when necessary, whether from adverse circumstances 
of wind and water, or otherwise, merely by diminishing the degree of 
expansion ; while, in foir vrinds and smooth water, it becomes necessary to 
work with a very high measure of expansion to keep the engines sapplied 
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with steam, thus securing a moderate and nnifonn consumption. To make 
the engines light, while the power is kept undiminished, thej must be 
worked witii a &st piston ; and to make tl^ boilers light, with unimpaired 

Fig. 132. 
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ftiTMd in the mtniMr of locomotiTa boilen. It ii doubtful whether 
the tube* of tubular boiler* intended fot loir preemre eugioM ue not (till 
nude longer Ihan it npedient 
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pany. Tbew bo'ilen are well worthy of tbe sReDtion of the eo^Deer, u 
they have approved themselTea more economical than any of the olher 
boilen employed in those vessels, st the same time that there is an abnn- 
dance of atesm, and the speed of the vessel is well mamtained. The follow- 
ing are some of the more important particulars : — There are four boilen, 
with three furnaces in each, making 12 furnaces in alL Length of each 
boiler, 13'e"i breadth. 9' 10"; height, IV 11". There is a fore and aft 
passage between the boilers, 2 feet wide, and an athwart passage IB iochea 
wide. Length of furoace, 7' 4" ; breadth of furnace, 31) inchea i diamelcr 
of chimnej, 67 ioches ; height of fluea, G feet. 
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Figi. 140, lil, 142, 143. 144, and 1 45, represent two seti of boilen con - 
strnMed by Messrs. Bur]^, Curtis, and Kennedy, for the two sloam vessels 
Wladimtr and Der Prussicke Adler, the one belonging (o the Rutsiac and 
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Ibo other to the Pnissian government, »nd both of the power of 320 horses. 
These eiiunple* tre of much interest, apwt from all oonBideralion of the 
general BuoceM of the coostructora, the boilers for the RuMien vessel being 
of the tubular Tiriely, while those for the Prassiaa vessel are on the com- 
mon flue plan; and we shall thus have a fair comparison of the merits of the 
two TMriatiei. The shape and dimensions of the tubular boiler are shown 

Fig. 142. 
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in the fignraa bj means of dotted lines ; and a joEt conceptioD may thus be 
arrived at of the ainoaat of space occupied by a tubular and a flue boiler 
of the same efficacy in raising steam. The tubular boiler, of which the 
oalline is here given, ia slmost identical with the boiler of the Brahma 
steamer, already given, and it it therefore needless here to repeat the 
deliaealion. 
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Fig*. 146, 147, 146, 149, ISO, 151, 192. and 
153, TepreMDl the boUen of the RetributioD, 

■ Meuner of BOO hone power ( the engines 
being on the double cylioder plan of Heun. 
Uandilay. There u nothing rery pecniiar iii 
these boilen except their <ize ; in other re- 
■pecli they Terj much resemble the boilen of 
the Great Wesleni, and of the Thame* and 
Medwaj, also by Me«sn. Maodilay and Field, 
of which we hate already given delineations. 
Fig». IM. 1S5, 156, 157, 15B, 159, and IGO, 
are different views of a sediment collector, aa 
made bj Mr. Aimatrotig of Maneheeler for 
marine boilers. The maimer in which this 
contriTance acts has already been eiplaioed, 
and all that ire have here to do is to giie 
each fbrms of the machine as have been foond 
the moit convenient in practice. The sedt* 
ment veuela are generally made of thin sheet 
iron, and an a^tator with a handle extending 
through a itoffing-box to the oateide of the 
boiler, is usually added to facilitate the blow- 
iuft out of the silt and other foreign matten 
caught by the collectors. Of Lainb'* scale 
prvTenter for marine boilers, an account will 
be found at page 1 79. In the manu&cturing 
districts the main purpoae for which collecting 
vessels it employed, is the prevention of 
priming. 

Priming arise* from insufficient itcam 
room, an inadequate area of water level, or 
the use of dirty water in the boiler) the last 
of these instigations may be remedied by the 
use of collecting vessels, but the other defocia 
are only to be corrected either by a suitable 
enlargement of the boiler, or by increasing 
the pressure and working more expansively. 
Closing the throttle' valves of an engine par- 
tially will generally diminish the amount of 
priming, and opeaingthesafety-valveauddenl]! 
will generally set it astir. A steam vessel 
coming from salt into fresh water is much 
more liable to prime than if she bad remained 
in salt water, or never ventured out of fresh. 
This is to be accounted for by the higher heat 
Ittwhichsalt water boils, so that castmg fresh 
water amotig it is in some measure like casting 
water among molten metal, and the priming 
is in this case the effect of the rapid produc- 
tion of steam. One of the beat palliatives of 
priming appean to be the interpoaition of a 
perforated plate between the steam space and 
the water. The water appean to be broken 
up by dashing against a plate of this descrip- 
tion, and the steam is libented from its em- 
brace. In case* in which an addition i* made 
to a boiler or steam chest, it will be the best 
way not to cut out a large hole in the boiler 
shell for etiablishing a conununication with 
the new chamber, bat to bore a number 
of small holes for this purpose, so as to form 
a kind of sieve, through which a rush of water 
cannot ascend. In locomotives the tame end 
is attained by the nae of a perforated steam 
pipe extending from end to end of the boiler. 
Such a contrivance draws the steam off equally 
from the surface, instead of taking itfrvman]i 
one part ; and boilen provided with it are 
enabled to work with to small a steam space 
that the steam domes are now being taken 
ray from locomotives altogether. This ex- 



pedie. 
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vetsela. though it appean to be applicable to 
them also with advantage. In some boilers 
priming appean to be mainly caused by a 
malformation which prevents the water from 
circulating freely, and the ateam has therefore 
to pass up through the water, occasioning a 
great agitation, instead of the water being 
enabled to circulate with the ascending steam. 
The evil may be mitigated in such cases by 
the addition of pipes to the exterior of the 
boiler, which will permit a descending cur- 
rent to be established, to replace the water 
carried upward by the steam. 
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UANCBB«TEa. 

HorlsonUl Section and BirdVEye View. 



2^157. 



Fig. 158. 



Fig. 159. 






Flan of Collecting Vessel from 
bottom. 



Flau of Collecting Veisei 
from top. 



Plan of upper CoUectinff 
Vessel. 



Varittiet t^ BoiUri. 
Fig.\60. 




We cwmot ■fiord to larrender koy more tpae« to Ibese ipecimeni of 
boilen, sad miut dov proceed to despatch what we bsve itill to u; on the 
(abject of boilen in u few vorda is poaiible. We hare already itated 
tbat a cubic fool of «aler nuied into ateam ia reckoned equivalenl to a 
hone power, and tbat to generate the sleam with EnScteiit rapidity, an 
alliiwBDce of one aqnare foot of fire ban, and one square yard of effective 
heating inrface, are very commonly made io practice, at least lo land 
engine*. These proportions, howerer, greatly vary in different cases ; and 
insoiaeofthe best marine engine boilers, where the area of fire-grate is 
restricted by the breadth of the Teasel, and the impossibility of firing long 
ftimacei efieclnally at sea, half a square foot of fire-grate per hone power 
is a very common proportion. Ten cubic feet of water in the boiler per 
horse power, and tea cubic feel of steam room per horse power, have been 
assigned aa the aierage proportioa of these elements ; bat the fact is, no 
general rule can he formed npon the subject, for the proportions which 
would be suitable for a waggon boiler woaJd be inapplicable to a tubular 
boiler, whether marine or locomotive i and good examples will in sach 
cases be found a safer gtiide than rules which must ol^eo give a false 
result. A capacity of ibite cubic Act per horse power is a common 
enough proportion of furnace-room , and it is a good plan to make the fur- 
nace* of a considerable width, as they can then be fired more cffectoally, 
and do not produce so much smok^ as if Ihey are made narrow. As 
regards the question of draft, there is a great difference of opinion among 
engineera upon the subject, some preferring a very slow draft and others 
a rapid one. It is obvious thai the queEtioa of draft is virtually that of Che 
area of fire-grale. or of the quantity of fuel coDsumed upon a given area of 
grate surface, and the weight of fuel burned on a fool of fire-grate per hour 
varies in different cases in practice from ?\ to 80 lbs. Upon the quickness 
of the draft Dgain hinges the question of the proper thickness of the stratum 
of incandescent fuel npr.n the grate ; for if the draft be very strong, and the 
fire at (he same time be thin, a great deal of uncombined oiygcn will 
escape np Ibrough the fire, and a needless refrigeration of the contents of 
the flues flill be thereby occasioned ; whereas, 'i the fire be thick, and the 
draft be sluggish, much of the usefiil effect of the cool will be lost by the 
formation of carbonic oxide. The length of the circuit made by the smoke 



every boiler, and the same may be said of the ai 
Una m its cross section, through which the imoke has Co pass, as an 
avetage, about one-fifth of the area of fire-grate for tbe area of the fine 
behind the bridge, diminished to half that amount for the area of the 
chimney, has been given aa a good proportion, but the examples which we 
have given, and the average flue area of Che boilers which we shall describe, 
may be taken as a safer guide than any such loose atalementi. When the 
fine is too long, or its sectional area is insufficient, the draft becomes insof- 
ficicDt Co famish the requisite quantity of ateam ', whereas if the flue be too 
short or too large in iU area, a large quantity of the heat escapes up the 
chimney, and a deposition of soot in the flues also takes place. This last 
fault is one of matenal consequence in tbe case of tubular boilers consuming 
bituminous coal, though indeed Che evil might be remedied by blockiikg 
some of the tubes up. The area of water-level we have already staled, p.48., 
aa being usually about 5 feet per horse power in land boilers. In many 
cases, however, it is much less ; but it is always desirable to make the arem 
of the water-level as large as possible, aa when it is contracted not only ia 
the wBler-level subject to sadden and dangerous flucCuaCions, but water is 
almost sure to be carried into the cylinder with the steam, m consequence 
of the violent agitation of the waler, caused by the ascent of a large volume 
of steam throngh a small superficies. It would be animprovementin boilen, 
we think, Io place over each fbmace an inverted vessel immerged in the 
water, which might catch the steam in its ascent, and deliver ic quietly by 
a pipe riaing above the water-level. The water-level would thus be pra- 
served from any inconvenient agitation, and tbe weight of water within tfa« 
boiler would be diminished at the aame time that the original depth of 
water over the famace* was preserved. It would also be an improvement 
to make the sides of the furnaces of marine boilers sloping, instead of ver- 
tical, as is tbe common practice, for the steam could then ascend IVeely at 
tbe instant of iu formation instead of being entangled among the rivets and 
landings of Che plates, and superinducing an overheating of the plate* bf 
preventing a f^ee access of the waler to the metal. 

In ibe Transsclions of the Institution of Civil Enghieen sevenl papers, 
are given by Mr. Partes and others descriptive of eiperimenia made b^r~ 
them on steam boilers. We have, in Table 1., collected a tew of the ;>rlncip^^j^ 



ttxaita exhibited in Mr.Pirkei' TeryvolnnibottlUliles, andwe ba.-ve added 
the two columna on the right hand aide of the table to abow at the same 
time the evapontive economj of the boilen io use at the Eaat Loudon 
Water Wotka. One of thea« boilen ia on the Corniah plan, and atlacbed 
to the Conkiah en^e there. The other ia a waggon boiler, with an in- 
lenial flue, fbr mppljing gteam to aBoultonand Watt pumping engine. 
The Coiniih boilen are cylindrical, with an inlerDal flue ; and, as they are 
genenllj used with ateam of from 1 5 Iba. to 35 Iba. above the atmosphere, 
thCT are made of plates half an inch thick. The left hand colnmn in the 
table gives the mean reanlta of eiperimenta made on the boilers at the Huel 
Towan and Uoiled Mines in CorawalL The second column tVom tbe left 
k deTOted to Mr. Parkea' experiments at Warwick ; and, according to him, 
vbont one liith of the enporstion there given ia due to his smoke-con- 
suming apparatoa. The third column eibibits tbe mean of eight experi- 
ments OD waggon boilers, at the different places indicated at the head of 
the column, which were all (except the Albion Mills experiments) con- 
ducted hj Mr. Parkes. The fourth colunm from the left contains (he results 
of Mr. Smeaton'a experiments on hia atmospheric engine at Long Benton ; 
and the fifth column gives the mean of eleven experiments on locomotives 
b; Mr. Pomboor. Referring to the sixth line, it will be seen that the 
mean evaporative economy of the Comiah boilera is about the same aa that 
of the Warwick boilers; but, if we exclude the Eaat London Water Works 
btuler, the other Comiah boilers vill show a decided superiority over all 
the nsL Lines five and eight show two of the principal peculiariiiea in the 
proportioiu of the Cornish boilers. It will be observed thai the extent of 
their sur&ee exposed to the heat, for each cubic foot of water evaporated, 
is about seven times as great aa in any of the olhera. The eombuation in 
their fiimaces also is carried on at a very alow rate, there being only about 
S\ lbs. of coala burned on each square foot of grate. The only boiler that 
makes any approach to them in ^owneu of combustion ia the one at War- 
wick. Mr. Parkes ia a great advocate for slow combustion ; and be founds 
hia opinions principally on its cflTect in the Warwick boilers — at least it is 
fWim his experiments on them that he derives his opinion that the principle 
should be carried so far aa it waa in that case. We conceive that in Uiia 
instance he has overlooked one very material circumstance. It will be 
observed in the table, that the heated surface bears very nearly the same 
proportion to the water evaporated in these boilers as in the other waggon 
boilera ; bat, before Mr. Parkes altered his furnaces, much more water was 



rather inclined to attribute the increaaed doty of the fuel to the increaae of 
the heating surAue of the boiler than to tbe diminution of tbe rate of com- 
bnatlou. Nevertheless, fi-om other experiments of Mr. Parkes, we are dis- 
puted to think that, for economy of fuel, the combustion in the generality 
of waggon btuler furnaces is rather too rapid. The very large proportion 
that the heating surface in the Comisb boilers bears to the weight of water 
evaporated ia, do doubt, to a considerable extent, rendered neceasary by the 
thickness of the plates which tbe heat baa to penetrate, and tbe high tem- 
perature of the water within them — both circumstancea that relaxd the 
transmission of the heat. The Cornish practice, too, is universally, so far 
■a we have been able to ascertoio, in &vonr of this great extent of sur&ce ; 
^et we can hardly think that a small dimiunlion of it would prodnce any 
usurious effect on the economical properties of the boiler, while it would 
nve ft considerable part of the original cost. 

It will b« seen, from what we have already advanced, that but a sma]l 
part of the superior duty of the Cornish engines can be derived from the 
Ixulers ; we must there^re look to the engines for the principal sources of 
thor superiority, which may be comprised under these three heads : — 

Itt The ose of high-preasDre steam cut off when a very small part of the 
nnke ha* been performed, and working expansively over the remainder. 
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and. The carefU clothing of every part of the engine where heat can 
escape. The cylinder ia usually encased with a steam-jacket ; and the 
steam-jacket itself, and all the steam-pipes, top of the boiler, &c., are pro- 
tected from the cold air by being covered with a layer of three or four 
inches thick of aahea, saw-duat, or other good non-coudnctor of heaL Tha 
amount of aaving effected in this way may be coui-,:ived to be very con- 
siderable. We have not met with any experiments to ascertain the amount 
ofthe saving by clothing the whole engine; but Mr. Wicksleed found that 
clothing the top ofthe boilers ahmt produced a saving of 10) per cent in 
the fuel consumed. 

3rd. The third main source of the great duty of the Cornish engines ia 
to be found in the exoeUent lystem of registering and publishing the duty 
of each engine, which has for many years been prevalent in ConiwalL It 
has made both the proprietors aud engineers much more careftil than they 
otherwise would have been of a host of details that have elsewhere been 
considered too trifling to require notice ; but which, nevertheless, in the 
aggregate, are of no small importance. 
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■ W. WtUk.— a. StaKudiUr*, - 
The grand secret, however, of the economy of the Cornish engines Ilea 

in the large application of the principle of expansion, and the results there 
obtained are very little aided by any peculiar excellence in tbe boiler. 
Upon the merita of expansion, however, or the pitch to which it may be 
beneficially carried in particular cases, this ia not the place to enlarge, but 
we may here give a table from the ^liton, which ahows the relativt 
efficacy of different enginea with different degrees of eipaouoa. 

Tlie first column on the left exhibita the performance of Smeatim's atmo- 
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ipherie engine M Long Benloo. In the Kcond colamD will Tie found limilar 
ranicaUn of BooICod and Watt's coDdrnilng rotative engine nt the Albion 
Milk. Id the third eolntnn we have put down the iime data for the Holm- 
buih Cornish engine ) ladjin the fourth, for a higb-preuurc 
engine, whose duty wa« determined by Mr. Wicksleed. The last tw. 
anpply the ume dm for a Cornish engine and Boulloa and Watt pumping- 
engiue, at the East London Water Works. The economical effects of expan- 
sion will be fiwind to be Tery clearly eihibiled in this table. The dutiea 
are recorded in the fifth line from the top, and the degree of expansion in 
the bottom line. It will be obsened, that the order in which the different 
eogiaes stand in respect of superiority of duty is the same as in n-tpect of 
amount of eipuuion. The Kolnibusb eaRine has a duly of U0,4S4,84B Iba. 
raised I font by 1 ewt. of coals, and the steam acts eipansiTely over 
'830 of the whole stroke ; while the water-works' Comiih engine bas only 
adntyof ias,6e4,llslbs., and expands the aleam over only '6S 7 of the 
whole stroke. Again, compariag the two Boultoa and Walt engines 
together, ihe Albion Mills eugine bas a duty of S5,75G,7S9 Ibo., and no 
eipansive action. The water-works' Boulton and Watt engine, sigain, acta 
expansively over one-half of its stroke, aad has an increased duty of 
4,ii60,333 lbs. Other causes, of course, may influence these comparisons, 
especially Ihe last, where one engine is a dooble-scting rotative engine, 
and the other a single-acting pumping one ; hot there can be nodOubt that 
the expansive action in the latter is the prineipal cause of its more 

The beating surface per horse power allowed by Bonlton and Watt is about 
E> square feet in waggon baiters, reckoning the total surface as effective surface, 
if the boiler* be of a considerable sise ; bnt in the case of small boilers, the 
proportion is larger. The total heating surface of a two horse power waggon 
boiler is, according to Bonlton and Wall's proportions. 30 sijuare feel, or 
l.tft per horse power; whereas, in the Case of a *i horse power boiler 
the total heating surface is 438 square feet, or S-fi ft. per horse power. The 
capacity of steam room is 8] cubic feet per horse power, in the two hone 
power boiler, and .1] cubic feet in the SO hone power boiler ; and in Ihe 
larger class of boilers, such as those suitable for 30 and 45 horse power 
engines, the capacity ol' tlie steam room does not full below this amount, 
and indeed is nearer 6 than 5] cubic ftet per horse power. The content of 
water is ISJ cubic feet per horse power in Ihe two horse power boiler, and 
IS cubic feet per horse power in the 20 horse power boiler. In marine 
bnilerg about the same proportions obtain in most particulars. The original 
boilers of the "Great Weslern" steamer, by Messrs. Maudslay, figur^ in 
page G3, were proportioned with about liaif a sijuare foot of fire grate per 
horse power, and 10 square feet of flue and furnace surface, reckoning the 
total amount as effective ; but in the boilera of Ihe " Relribution," by the 
same makers, shown in psige T6, a somewhat imaller proportion of holing 
surface was adopted. Boulton and Watt have found thai in their marine 
flue boilers 9 square Teet of flue and fnrnaee surface are requisite to boil off ■ 
cnbic foot of water per hour, which is the proportion that obtains in their 
land boilers ; but inasmuch aa in modem engines the nominal considerably 
eiceeds the actual power, they allow 1 1 square feet of healing surface per 
nominal horse power in their marine boilers, and they reckon as effective 
heating surface, the tops of the flues, and the whole of the sides of the finea, 
hot not Ihe bottoms. They have been in the hahil of allowing for the 
capacity of the steam space in marine boilers 16 limes Ihe content of the 
cylinder j but as there are two cylinders this is equivalent to 8 times (he 
content of both cylinders, which ia Ihe proportion commonly followed in 
land endues, and which agrees very nearly with the proportion of between 
5 and B cubic feel of steam room per horse power. Taking, for example, 
an engine with S3 inches diameter of cylinder and 4 feet stroke, which will 
be IS'4 horse power — the area of the cylinder will be 419'4T6 sqnsre 
inches, which multiplied by 48, the number of inches in Ae stroke, will 
give 19S42 848 tor the capacity of the cylinder in cubic inches; B times 
this is 1S9S4S 784 cubic inches, or 9a'3 cnbic feet ; 92-3 divided by IB-4 
is rather more than S cubic feet per horse power. There is less neoessiiy, 
however, that the steam space should be large when Ihe fiow of steam from 
the boiler is very uniform, as it will be where there are two engines 
attached to the boiler at right angles with oneanotber, or where the engines 
work at a greal speed, as in the case of locomotive engines. A high aleam 
chest too, by rendering boiling over Into the steam pipes, or priming as it 
ia called, more difficult, obviates the necessity for so large a steam space ; 
and the use of steam of a high pressure, worked expansively, has the same 
operation ; so that iq modem marine boilers, of Ihe lubular construction, 
where the whole of these modifying circumstances exist, tiiure is no 
necessity for so large a proportion of sleam room as 5 or 6 cubic feet per 
horse power, and about belf that amount more nearly represents the general 
practice. Bonlton and Watt allow 064 of a square toot per nominal horse 
power of giate bars in their marine boilers, and a good effect arises from 
this proportion ; but sometimes so large an area of fire grate cannot be 
conveniently got, and the proportion of half a sqnare foot per horse power 
aeems to answer very well in engines working with some eipannon, and is 
DOW very widely adopled. With this allowance, there will be about 33 
square feet of heating surface per square foot of fire giMe, and if the con- 
sumption of fiiel be taken at 6 lbs. per nominal horse power per hour there 
will be 13 lbs. of coal consumed per hour on each square foot of grate. The 
flaes of all flue bailers diminish in their calorimeter as they approach the 
ohimney : some very satisfactory boilers have been made by allowing a 



proportion of O'G of a sqnare foot of fire grate pernominal horsepower, sod 
making the sectional area of the fine at the largest part ^th of the area of 
fire grate, and the smallest part where it enlers the chimney .^(h of the 
area of the fire grate ; hut in some of the boilers proportioned on this 
plan the maximum sectianal area is only ,'., or ,',, aceording to (he purposes 
of the boiler. These proportions are retained whether the boiler is flue or 
tubular, and from 14 lo 16 square feet of tcbe surface is allowed per nominal 
horse power ; but such boilers, although they may give abundance of 
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■e generally, perhaps needlessly, bulky. 
insl now, however, dimiss these specnlatioi 
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whole sutqeet of the efficacy of different kinds of boilers, upon which we 
have already expatiated sufficiently: we shall therefore conclude our re- 
marks upon the subject by introducing a table of the comparslive evapora- 
tive power of different kinds of coal, which we have derived from tie. 
Wicksteed's experiments, and which will prove nsefiil, by affording dau 
for the comparison of experimenls upon different boilers when different 
kinds of eoal are used. Without this means of reduction, experiments 
would be useless for comparison, unless the fuel employed was in every esse of 
equal evaporative power ; but when the relation between the evaporative 
power of different kinds of coals is ascertained, the results of experiments 
can be easily reduced so ss to render them comparable with one another. 
Table of Die Comparativt Evaporativt Pmetr of differed iindt of CoaL 
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SlrgnglA ofbviUrt. The extension of the expansive method of employing 
steam to boilers of every denomination, and the gnJuol introduction in 
connection therewith of a higher pressure than formerly, makes the ques- 
tion of the strength of boilers one of great and increasing importance. 
This topic was very snccesstully elucidated ■ few years ago by a committee 
of the Franklin Institute, and we shall here recapitulate a few of Ihe mure 
important of the conclusions at which Ihey arrived. Iron boiler plate «aa 
found lo increase in tenacity as its temperature was raised until it reached 
a temperature of 550° above the freeiing point, at which point its tenacity 
began to diminish. The following table exhibits the cohesive strength at 
different temperatures. 









»rl,lofi 
tsrly 1-1 Ih 



The difference in strength between strips of iron cut in the direction of 
the fibre, and strips cut acroM Ihe grain, was found to be about 6 per cent. 
in favour of the former. Repeated piling and welding was found to in- 
crease the tenacity and closeness of the iron, but welding together different 
kinds of iron was found to give an unfavourable result ; rirelting plale* 
was found to occasion a diminution in their strength, to the eileni of about 
one-third. The accidental overheating of a boiler was found to reduce 
its strength from 65,000 lbs. to 45,000 lbs. per square inch. Taking into ac- 
count all these contingencies, it appears expedient to limit the tensile force 
upon boilers in actual use to about 3000 lbs. per square inch of iron. 

Copper follow* a different law, and appears to diminish in strength by 
every addition of heat, reckoning from the freesing point. The square ot 
the diminution of strength seems lo keep pace with the cube of the tem- 
perature, as appears by the folloaing table ; — 

Table ihmeiiig Ihe Diminuftm of Simgib ofCoppEK Boilv I^atn bg addiliont 
to Ihe TenperatuTt, Ihe Cohaim at 33° iritig 33,800 &*. per Sqaiire Incli. 

Dtanlnulkm of I 

0-0540 
0-0936 
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0-2046 
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In the case of iron, the following are the results when tabulated after a 
similar fashion. 

TahU of Experiments on Iron Boiler-Plate at Hiah Temperatures; the 
Mean Maximum Tenacity being at 55U^=: 65,000 /m. per Square Inch. 
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The application of stays to marine boilers, especially in those parts of the 
water spaces which lie in the wake of the fiimace bars, has given engineers 
mach trouble ; the ] plate, of which ordinary boilers are composed, is hardly 
thick enough to retain a stay with security by merely tapping the plate, 
whereas, if the stay be rivetted, the head of the rivet will in all probability 
be soon burnt away. The best practice appears to be to run the stays ubed 
for the water spaces in this situation, in a line somewhat beneath the level 
of the bars, s> that they may be shielded as much as possible from the fire, 
while those which are required above the level of the bars should be kept 
as nearly as possible towards the crown of the furnace, so as to be removed 
from the immediate contact of the fire. Screw bolts with a fine thread 
tapped into the plate, and with a thin head upon the one side, and a thin 
nut made of a piece of boiler plate on the other, appear to be the best 
description of stay that has yet been contrived. The stays between the 
sides of the boiler shell, or the bottom of the boiler and the top, present 
little difficulty in their application, and the chief thing that is to be attended 
to if to ta^e care that there be plenty of them ; but we may here remark 
that we think it an indispensable thing, when there is any high pressure 
of steam to be employed, that the furnace crown be stayed to the top of the 
boiler. This it will be observed is done in the boilers of the Tagus and 
Infernal, constructed by Messrs. Miller, Ravenhill and Co., and figured at 
pages 66. 71. and 72 ; and we know of no better specimen of staying than 
IS afforded by those boilers. 

ExploeionM, — This subject has been investigated with much care by the 
eommittee of the Franklin Institute, whose experiments on the strength of 
bfulers we have already mentioned with commendation. We are unable, 
however, to follow these experimentalists in their researches, and have only 
room to remark that we believe most explosions will be found to have 
arisen either from an undue pressure of the steam, or from the overheat- 
ing of the plates composing the boiler. The plates of the boiler may 
become overheated either in consequence of a want of water in the boiler, 
or from such a configuration of the internal parts of the boiler that the 
steam when formed cannot escape freely to the surface. The bottoms of 
large flues upon which the flame beats down are very liable to injury from 
this cause; and the iron in such a case will probably be softened by the 
heat, and in all probabilit}- will collapse upwards. Lightning, the sudden 
disengagement of large portions of scale, and other similar accidents have, 
we believe, caused explosions sometimes. But these causes are of very 
nnfrequent occurrence in comparison with those that we have indicated, 
and which would be oftener recognised as the real causes of explosions, 
were it not that people think they show their cleverness best by clearing 
np a difficulty with a new hypothesis that has been coined for the purpose 
in fancy's nunt 

The plugs of fusible metal sometimes introduced into boilers to obviate 
explosions by melting out before the steam can reach any high temperature, 
are found in practice to be of but little avail. The compound metal is not 
homogeneous, and the more fusible of the metals is melted first, and is 
fbrced by the pressure of the steam out of the interstices of the less fusible 
metal, leaving its place to be supplied by the debris which all water sup- 
plies. The consequence is that the plug ceases to be fiisible metal of the 
kind originally introduced, and cannot be melted by the steam even at a 
pressure and temperature much above that fixed as the requisite fusing 
point Pings of fusible metal should, therefore, we think, be discarded, 
as they are only calculated to mislead by pretending to do what they cannot 
accomplish In tubular boilers, however, it is, we think, a good plan to 
introduce lead pluses in the tops of the fire-boxes — not with the idea that 
tliey will be melted by the steam where its pressure gets high, but to be 
melted out, and give notice of danger should the water fall too low. 

Rvery boiler should be furnished with a steam gauge, which may give 
indication of danger should the pressure bocome too great, and the passages 
leading to the safety-valves should have no connection with the pipes lead- 
ing to the stop-valves. In some cases stop-valves have been lifted from 
their seats, and forced into the mouth of the pipe, so that no steam could 
escape thereby ; and in consequence of the safety-valve pipe springing 



firom the pipe connecting the boilers, the boiler thus blocked up was in 
great danger of bursting, and would have burst if the fires had not been 
immediately drawn. In the case of any derangement of the safety-valve, 
or of the cone in the waste steam-pipe of a steam- vessel getting loose, and 
blocking up the mouth of the pipe, the pressure in the boiler may be eased 
by opening the blow-through valves of the engines, and the steam gauge 
will in all cases tell whether any undue pressure exists. 

Incrustation, — The incrustation of boilers by saline deposits was a much 
more important subject at one time than it is now, as nothing has been 
more clearly established, of late years, than that boilers may be preserved 
eflfectually from any iigurious incrustation by abundant blowing off. Brine 
pumps are m)w in extensive use for withdrawing a certain quantity of 
water at every stroke of the engine ; and the water so withdrawn has to 
pass through or among pipes carrying the feed- water to the boiler, so that 
some interchange of heat is there effected. These refrigerators, however, 
as they are grotesquely called, are in some respects bad things : the quan- 
tity of heat they save is, we believe, inappreciable ; and the small pipes of 
which they are built up are liable to get choked, thereby endangering the 
boiler by the imconscious concentration of its contents. To guard against 
this danger, every engine fitted with brine pumps should be provided with 
a hydrometer for telling the specific gravity of the water in the boiler, so 
that the engineer may not be cheated by the defective action of the pimips, 
or suppose that they are operating when they are really inert In the case 
of blowing out a boiler in the usual way, the engineer looks at his glass 
gauge tube, and keeps the blow-off cock open until the water-level has 
descended through the required distance, so that, under these circum- 
stances, no doubt can arise that the boiler has been emptied of a certain 
quantity of water ; but there is no such assurance in the case of the con- 
tinuous extraction of the water, either by brine pumps or by a continuous 
blow off; and all boilers using either of these expedients should be fitted 
with hydrometer gauges as a precaution against the contents of the boiler 
being suffered to reach an injurious concentration. Numerous prescrip- 
tions have at various times been given as antidotes to incrustation ; such as 
putting potatoes and other vegetable matters in the boiler, or, in the case of 
a steam vessel, taking the feed-water from the bilge. The application of 
oil to the flues luis also been recommended; and some boilers are fitted 
with a contrivance to inject oil into them just before the steam is let down. 
We look upon all such expedients, however, as needless, and are confident 
that boilers require no other preservation from incrustation than efl'ectual 
blowing off. Collecting vessels, however, are advantageous, as they enable 
a less amount of blowing off to suffice ; and, in the case of the feed supplied 
to the boiler being muddy water, they conduce to convenience and savefiiel 
by obviating priming. The prevailing fault among engineers, however, it 
that they do not blow off enough, the idea probably being that a consider- 
able check is given to th^ generation of the steam by the introduction of 
colder water in lieu of the water abstracted ; but the waste of heat by effec- 
tual blowing off is very inconsiderable — much less, indeed, than is occa^ 
sioned by the difficulty of getting steam from brine, or of transmitting heat 
to the water through flues covered with incrustation, much of which heat, 
in consequence, ascends the chimney. There is no gain, therefore, in any 
respect, by penuriousness in blowing off; and there is much injury to the 
boiler, for incrusted plates become overheated ; they blister, crack, and get 
burned out, and make expensive repairs indispensable. Proprietors of 
engines should accept of no excuse for the accumulation of salt or incrust- 
ation within their boilers ; for such deposits arise altogether from insufficient 
blowing off. 

The best method of scaling boilers appears to !« by lighting a train of 
shavings in the furnaces and flues after the boilers have been emptied of 
water. The rapid expansion of the metal, thus occasioned, causes the scale 
to crack off ; and. if the flues be then washed down with a hose, the scale 
will fall to the bottom of the boiler, and will issue out with the water on 
taking off the mud- hole doors. This plan of scaling, however, is one that 
the engineer must execute himself, and must not entrust to firemen or other 
subordinates, as the metal of the boiler might be damaged if the heat were 
made too great. The safety valve should, obviously, be kept open while 
the boiler is being heated and cooled, to obviate any pressure or exhaustion 
within it This plan of scaling, however, will seldom be necessary if due 
attention be paid to blowing off by the engineer . and if the quantity of scale 
be inconsiderable, or partial, in its attachment, the hest plan will be to chip 
it off with a hatchet-faced hammer, and then wash down the flues with the 
hose, as before described. 

Corrosion. — The corrosion of boilers is one of the most obscure subjects in 
the whole range of engineering. Marine boilers seldom last more than four 
or five years, whereas land boilers, made of the same quality of iron, often 
last eighteen or twenty years ; yet the difference in durability is not the effect 
of any chemical action upon the iron by the contact of sea water, for the flues 
of marine boilers rarely show any deterioration from this cause, and, even 
in worn-out marine boilers, the hammer-marks on the flues are as conspi- 
cuous as at the time of their formation. The thin f Im of scale spread over 
the internal parts of the boiler would, of itself, preserve that part of the 
iron from corrosion which is situated below the water level ; but whatever 
be the cause, it is a rare thing to find any internal corrosion of a boiler 
using salt water in those parts of the boiler with which the water comes in 
contuct. The cause, therefore, of the rapid wearing out of marine boilers 
is not traceable to ilie chemical action of salt water, and bteamers provided 
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with Hairs condensers, which supply the hoilers with fresh wafer, have 
not reaped much benefit in the durability of their boilers. The operation 
of the steam in corroding the interior of the boiler is most capricious — 
the parts which are most rapidly worn away in one boiler being untouched 
in another, and in some cases one side of a steam chest will be very much 
wasted away while the opposite side remains uninjured. Sometimes the 
iron exfoliates in the shape of a black oxide which comes away in flakes 
like the leaves of a book, while in other cases the iron appears as if eaten 
away by a strong acid which had a solvent action upon it. The application 
of felt to the outside of a boiler, has in several cases been found to accele- 
rate sensibly its internal corrosion. Boilers in which there is a large accu- 
mulation of scale appear to be more corroded than where there is no such 
deposit, and where the funnel passes through the steam chest the iron of the 
steam chest is invariably much more corroded than where the funnel does 
not pass through it These facts appear to indicate that the internal cor- 
rosion of marine boilers is attributable chiefly to the existence of surcharged 
steam within them, which is steam to which an additional quantity of heat 
has been communicated subsequently to its generation, so that its tempera- 
ture is greater than is due to its elastic force ; and on this hypothesis the 
observed facts relative to corrosion become easily explicable. Felt applied 
to the outside of a boiler may accelerate its internal corrosion by keeping 
the steam in a surcharged state, when by the dispersion of a part of the 
heat it would cease to be in that state. Boilers in which there is a large 
accumulation of scale must have worked with the water very salt, which 
necessarily produces surcharged steam; for the temperature of steam 
cannot be less than that of the water from which it is generated, and in- 
asmuch as the boiling point of water, under any given pressure, rises with 
the saltness of the water, the temperature of the steam must rise with the 
saltness of the water, the pressure remaining the same ; or in other words 
the steam must have a higher temperature than is due to its elastic force, 
or be in the state of surcharged steam. The circumstance of the chimney 
flue passing through the steam will manifestly surcharge the steam with 
heat, so that all the circumstances which are found to accelerate corrosion 
are, it appears, such as would also induce the formation of surcharged 
steam. Besides, the natural effect of surcharged steam is to oxidate the 
iron with which it is in contact, as is illustrated by the familiar process for 
making hydrogen gas by sending steam through a red-hot tube filled with 
pieces of iron ; and although the action of the surcharged steam in a boiler 
is necessarily very much weaker than where the iron is red-hot, it mani- 
festly must have tome oxidising effect, and the amount of corrosion pnv* 
duced may be very material where the action is perpetual. Boilers with a 
large extent of heating surface, or with descending flues circulating through 
the cooler water in the bottom of the boiler before ascending the chimney, 
will be less corroded internally than boilers in which a large quantity of 
the heat passes avray in the smoke. If these views be correct, then to 
prevent the internal corrosion of marine boilers it is only necessary to take 
care that the water in the boiler shall be as fresh as possible, and that the 
root of the chimney shall either be lined with fire brick, or not go through 
the steam at all. 

Area of Steam Passages, 

Any excess in size of the connecting pipes which convey the steam to the 
cylinder is of little consequence in the construction of the steam engine, 
otherwise than by the effect that it may produce in diminishing the tem- 
perature of the steam, an effect that we will have occasion to consider by 
and bye ; for until the steam has got beyond the narrowest part of the 
passages, it must be of the same density as it is in the boiler, but on entering 
the cylinder it must dilate itself until the density is so far reduced as to 
cause the difference of pressure which produces the increase of velocity 
through the contracted apertures ; and since the elastic force is proportional 
to the density, the condition of equilibrium obtains when the elastic force 
of the steam in the boiler, drawn into its velocity through the apertures 
and the area of the apertures, is equal to the elastic force of the steam in 
the cylinder drawn into the area of the piston and the velocity of its motion ; 
and from the equation of equilibrium here enunciated, the area of the steam 
passages or apertures can readily be ascertained ; but for the purpose of 
expressing the relation generally, 

Put /=the elastic force of the steam in the boiler, in inches of mercury, 

corresponding to any given temperature, 
/'a the elastic force of the steam in the cylinder, in inches of mercur}', 

when reduced by expansion, 
as=the area of the steam passages or apertures in square inches, 
vsthe velocity with which the steam from the boiler passes through 

the apertures in feet per second, 
a'=the area of the piston in square inches, and 
v'asthe velocity of its motion in feet per second. 

Therefore, by employing these symbols in the equation of condition as 
verbally expressed above, the momentum or mcKchanical effect of the steam 
in the boiler, when referred to its motion through the apertures, is expressed 
by the term/cr r, and the momentum or mechanical effect of the steam in 
the cylinder after passing the apertures, when referred to the motion of the 
piston, is expressed by the term fa'v' ; but in the case of an equilibrium 
between the forces, these terms must be equal in value ; let them therefore 
be compared with one another, and the equation in general terms becomes 



I /a v^f*a'i/ ; this is the equation of condition that most always be satisfied 
when an equilibrium obtains, and from it an expression for the value of v, 
or the velocity with which the steam passes the apertures can easily be 
deduced. 

At page 43. it is stated that when a passage is opened between two vessels 
containing fluids of different densities, the fluid of greatest density rushes 
out of the vessel that contains it into the one containmg the rarer fluid with 
a velocity equal to that acquired by a heavy body in falling through the 
difference between the heights of two uniform columns of the fluid of 
greatest density, competent to produce the pressures imder which the fluids 
are respectively confined. Now, the principle here enunciated is precisely 
that which applies to steam in the boiler under its full intensity of pressure, 
and the same steam when transmitted to the cylinder under its diminished 
pressure. 

In order to discuss the principle analytically, which is the best and 
easiest way in the present instance, let the symbol h denote the height of 
the uniform column corresponding to the pressure in the boiler, and h' the 
height of a column of the same density corresponding to the pressure in 
the cylinder; then is {h—h') the height of the column which produces the 
velocity through the apertures ; that is, the velocity with which the steam 
enters the cylinder ; therefore, by putting (A— A') for h in No. 12. of the 
class of formuls given at page 43, the expression for the velocity in question 

becomes 10 » « v'4225 (A —A'), or p = 6*5 V (A— A') ; consequently, by trans- 
ferring this value of v to the general equation of condition, we get 6'5 

fa\^{h — h')=f'a'v'. But according to what has been shown at page 44, 
the height of a column producing the velocity is equal to 1*1341 times the 
elastic force of the steam multiplied by its volume from a cubic foot of water, 
or, rather, by the number of times that the volume of steam exceeds that 
of the water from which it is generated. In the present instance, however, 
the force to be considered must be the difference between the forces in the 
boiler and the cylinder ; that is (/—/') : therefore, if A denote the bulk of 
the steam from an unit of water, the principle that we have just announced 

gives (A -A') = 1-1341 A (/-/'); hence we have 6-922/a VA (7^') -/aV. 
Let the symbol A, which has just been introduced mto the expression, be 
replaced by its equivalent value in equation (U) page 42., and let n be the 
fraction that indicates the loss or diminution of force that takes in the 
steam, on being transmitted from the boiler to the cylinder; then we 

have b^- — — ^— \ and n/'=(/— /^; therefore, by substitnting 

* these values in the expression immediately above, we obtain after a little 
reduction, the following modified expression, viz. 

60-2 1 43 fa Vn (temp. + 459) =fa'v\ 

From this equation, any one of the quantities which it involves can 
readily be determined in terms of the rest ; but in order to adapt it for 
practical application, we must eliminate the quantities/ and /*, which indi- 
cate the elastic forces of the steam in the boiler and the cylinder respec- 
tively, and this we are enabled to do by means of the expression nf^f—f^ 
for by transposition we have f=:f*—nf and by collecting the terms, it ii 
/(I -'n)=f \ therefore, by substitution, we get 

60-2143 a Vn (temp. + 459) =aV (I -n). 

The equation in its present form indicates an equilibrium when the mo- 
tion is made through a pipe of uniform diameter, without bends or obstruc- 
tions of any kind otherwise than what takes place at the apertures ; but in 
order to make allowance for such causes of retardation in the velocity as 
usually occur in well-constructed and judiciously arranged engines, we 
must reduce the co-efficient from 60*2143 to 41*6868, according to a notice 
at page 44., and then we have 

41*6868 a Vn (temp. + 459) =aV (1 -«). 

If there were any direct means of determining the value of n in thif 
equation, the area of the passages corresponding to any given temperature 
or elastic force in the boiler could be found in all cases by a very timplt 
process ; but since there is no maximum limit to the expression, the pro- 
portion of the power that is lost in producing the velocity can only be 
approximated by combining the results of numerous observations on th« 
performance of good engines. The general practice of eminent manofac* 
turers is to make the area of the steam passages about two tenths of the 
area of the piston. Messrs. Boulton and Watt adopted this proportion in 
their best engines ; but other makers consider that one square inch of pas- 
sage for each horse power is a good proportion, and this they adhere to 
without assigning any reason for their choice : it is, however, evident that 
the intention of both these maxims is to give the steam the same velocity 
through the passages in engines of all sizes ; but this cannot be correct, if 
the principle be admitted, that the horse power in small engines requires 
more steam than it does in large ones, and this b a point that we belicTe 
few persons will feel inclined to dispute, though the influence of sueh a 
truth upon the size of the steam passages cannot be material in practice. 

Since it is the practice of engineers, when discussing the properties of 
engines, to estimate their peformances by the diameter of the cylinder, the 
length of stroke, and the number of strokes per minute, it may be proper, 
before we proceed, to apply our formula to the determination of the area oi 
the steam passages, so to modify it, as to involve the terms peculiar to 
practical men ; and for this purpose 
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Let f/athediimeter of the pUton e«t!mftted in mcliea; 

)_lhe diameUr of the Meam pauages, eatimated.alBO in inct 
{— tbe length of the strolie m feeli and 
■'■•the nnmber of itrokea per mingle. 
Then ve have 30v'— h', ore'— Jg/n', andhy the principle* of m 
tiMl it ia a : a' : : t* : (P i coDBequently by substitution ire have. 
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1890-604 Pv'ii (temp. + 4S9)'-<5 £i'(l-a)- 
We an nav approaching the altimote practical form of the eqi 
bat ire hlTe niU to aacnme a value to the quanlilj x. Tredgold maKH 
it j),th of the force of iteaiii in the boQer ; and from hil ireU-known atten- 
tion to aecnracy, ve adopt it as being probably Tery near the truth; at all 
erentt, we are not aware that aobaequent reaearchea have elicited a standard 
Aat asrecs more nearly with observation. From this value of n ir« get, 
by taking the nearest unit in the coefBcient, 

105 i'"/Ctemp,+459) = (P(ii'. 
Having thas obtained the final form of the eqoation of condition, ire 
hive next to determine from it the diameter of tbe steam pipe, or rather, 
the diameter of the orifice through which the steam enters the cylinder j 
■nd for this purpose we have only to divide both sides of the expression by 
■U tbe quantities with which the required quantity is combined, and this 
being d«De, we get. 
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d'ln- 



I05,/Ctemp.+«9>' 
thil cxpreasion, however, involves the square of the required quantity ; and 
Iherefiire, in order to determine its simple valtw, we most extract the 
•quare root of both terms ; and thus we obtain 



t-d>/lA--hVl 102S (temp. + *a9) (a). 

Snee the fbnrth root has to be extracted from the denominator of the 
fraetim in onr equation, it wonld be difficult to represent it in a specific 
iinm I but the method at reducing it may be expressed in irorda m fol- 
low!:— 

RmA To lAt temperature of itttm tn the boUer add the ametimt increment 

459 ; waltmly lit lun by 1 1 OSS ; and extract llu iquare root nf the pn- 

dtKl. Mialipfy tiu length of etrokt by l/it number of itraka per miniiie ; 

daide &e product frg the tquore mot jml found j and multailg the uptare 

not ofHu quotient by the diameter <jf lie cj/linder i the proauel tcill be lie 

diamiler of tie tleam paitagtM. 

ExampU, Let it be required to determine the diameter of the steam 

f as aagca in an engine of which the diameter of the cylinder is 4S inehea, 

the length of stroke 1} feet, and the number of strokes per minute !6, sup- 

pccing the temperatore nnder which the steam is generated to be aso 

Oegreca of Fahrenheit'* thermometer. 

Ba* by the rale we get VliaS5(aso + 459) =3795-84 ; the nnmber of 

ttti^M ia S6, and the length of tttoke 4^ feet ; hence it '"'—^^ ^79^6* 
—0-9M36d— 0-30456 k4S^9-B19 inches; so Ihat the diameter of the steam 
uMMgea i* a little more than one-fiflh of the diameter of the cylinder. 
The same role will answer for high and low presanie engines, and alao Ibr 
the pasaagei into the condenser. 

UHt OF rOBCa B( TES PSCREAHE Of TEMFEaATUBE III THE STUM 

ItliM already been mentioned that largeness in the steam pipes between 
the boiler and the narrowest part of Ae passages, or where the steam 
enien the cylinder, is of no importance whatever as regards the power of 
the engine, otberwiie than by its effect in diminishing the temperature of 
the steam, in conieqaence of the quantity of inrface exposed to the cooling 
inBiienee of the atmosphere. In modern practice this effect is greatly 
Itdueed, by covering the steam pipes with felt or some other substance of 
• til»« natDie, which serves to retain the heat and prevent the external air 
fton coming into contact with the inetal surface ; but, admitting the pipes 
to be empk^ed in their naked biate, it ma)- be useful to inquire what may 
b* the probable amount of loss arising from the diminutiuo that takes place 
■a the temperature of the iteam daring its progrea* from the boiler to the 

Put J~tli« diameter of the steam pipe estimated in inches, being the usual 

measure of that dimension ; 
I— the length of steam pipe, or the distance between the boiler and 

the cylinder in feet, incinding bends, &c. ; 
V— die velocity of the steam io moving along the passages, eatimated 

in feet per second ; 
t— the temperature of the sur&ce of the ateam pipe ; and 
t^tba temperature of the external air, which initamean state may be 

taken at 60° of Fahrenheit. 



nen, by the rules of mensuration, tbe area of the transverse section of the 

_■ £■ — u expressed by the term Ivd", where the symbol x denotes tbe 

'ftcircle whoKdiftmeterisunltyi thalii, w^S'Uie. Butthe 



quantity of steam that passes through the [dpei In one Mcond Is equal to 
tbe area of the section multiplied by the velocity of motion ; consequently, 
the quantity passing is expressed by the term JtA> ; or, in cul»c feet, it la 

~ifc- Again, the surftce of the steam [npe is equal to the circumference 

of the transverse section multiplied by its length; hence, the aurlkee in 

ndl 

square fM It expressed by theterm^; but, by the law* of cooling, the 

loss of heat is directly proportional to the sarface of the pipes, and inversely 
as the quantity exposed in a second ; consequentiy, the loss of heat in one 
second of time, that is, the loss of heat experienced by the quantity of 
steam that passes through the pipes in one second, is proportional to 

■jjK^^— ^, Mr. Tredgold, in his treatiseon "Warming and Venti- 
lating," has shown that, in tbe case of cast-iron pipes, the quantity of heat 
abstracted in a minute by an unit of pipe is expressed by S-l ((— O i 
therefore, if f~ be put to denote the loss of heat in one second, we shall, by 
combining the above terms, obtain the fbllowing equation, viz, 

der-.l-6&l(,t-f); 
and, by redoung this eipresuon in reference to f, it becomes 

Here ve have ■ very simple expression far detennbing the loss of heat or 
the diminution of temperature that lakes place in the steam daring its paa- 
sage from the boiler to the cylinder ; and the method of reducing it may 
be expressed in words at length as follows : 

Itlll.B. From (As tew^>enilure of the nrfaee of tie ileam pipe* * eublraet At 

temperature of lie extemai air; aulHply lie remainder bg lie lengA of 

&t pipet in Jitt, and again by At conetant HimAcr or coefficient I'GS | 

lien divide tie product by lit diameter of Ae pipe in inijiet draum into 

tie relaeity of ate iteam in feet per lecand, and lit quotient will expreee 

lie diminution aftanperature in dtgreet of Fahrenheiti Aermomeler, 

Example. Let the length of the steam pipe be IG feet and its diameter 

5 inches, and suppose tiie velocity of the steam to be about 95 fbet per 

second, what will be the diminution of temperature, on the suppoaitioD Unt 

the steam is at 950° and the external air at S0° of Fahrenheit ? 

Here, by the note to the above rule, the temperature of the lurftee of the 

l'68x le{'S37-5-60) 

sleampipeisaso— 250 k O'05 — 937-5; hence we get C— , „, ■ 

— I0-O44 degrees. 

If we examine the manner of the composition of the above equation, it 
will be perceived that, nnce the diameter of the lupe and the velocity of 
motion enter aa divisors, the loss of heat will be less as these factors are 
greater ; but, on the other hand, the loss of beat will be greater in propor- 
tion lo tbe length of pipe and the temperature of tbe steam. Since the 
steam is reduced from a higher to a lower temperature during its passage 
through the steam pipes, it must be attended with a corresponding diminu- 
tion in the elastic force ; it therefore becomes necessary to ascertain to 
what extent the force is reduced, in consequence of the loss of heat that 
takes place in passing along the pipes. This is an inquiry of some import- 
ance to (he manufactureta of steam enpiuea, as it serves to guard them 
against a very common mistake into which they are liable to &1I, espe- 
cially in reference to steam boat engines, where it is usual to cause (he pip« 
to pass round the cylinder, instead at carrying it in the shortest direction 
from the twiler, in order to decrease tbe quantity of aur&ce exposed to the 
cooling effect of the atmosphere. 

Let/»the elastic force of steam in the boiler, corresponding to the given 
temperature; and 
y"~lhe force to which it is reduoed in passing along the pipes, in con- 
sequence of the reduction of temperature. 
Then, by subtraction, we have /-/' for the quantity of redaction by cool- 
ing; but, during the process of reduction, a part of the steam is converted 
f-l' 



into water i hence we get / : 1 : : /— /' ; 



■■the quantity reduced ti 



water ; consequentiy, if this be multiplied by 1000°, which is the heat of 
conversion into steam according to Dr. lire's experiments, the product 
must be equal to the quantity of beat the whole has lost by cooling in 
passing through the pipes ; therefbre, by comparison, ire get 
1-661 q-f) 1000 ( /-/') 
dB - / ^ ' 

and, by reducing this eipresuon in reference (o/', it is 

4 nnueroDi expvrlmtQti thst hsv« b««i perfonnsd for tfaA parens 
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Thi6 e<iiiatto]i gives the ekitio force of die steam as reduced by cooling 
in flowing along the steam pipes ; it is sufficiently simple for every prac- 
tical purpose, and the method of reducing it is as follows. 

Rule. From the temperature of the eurface of the tteam pipe aubtract the fern- 
perature of the external air ; multiply the remainder by the length of the 
pq>e m feetj and again by the constant fractional coefficient 0*00168 s 
divide me product by the diameter of the pipe in inchee drawn into the 
velocity of steam in feet per second^ and suotract the quotient from unity ; 
then multiply the difference thus obtained by the elastic force correspond' 
ing to the temperature of steam in the boiler, and the product wHl be the 
elastic force of the steam as reduced by cooling in passing through the 
pipes. 

Example. Let the dimensions of the pipe, the temperature of the steam, 
and its Telocity through the passages, be the same as in the preceding 
example, what will be the quantity of reduction in the elastic force occa- 
sioned by the effect of cooling in traversing the steam pipe ? 

Since the elastic force of the steam in the boiler enters the eanation from 
which the above rule is deduced, it becomes necessary in the nrst place to 
calculate its value ; and this is to be done by the second clause of the rule 
on the first column of page 41., which answers to the case in which the 
temperature is greater than 212° ; thus we have 

250x1 -69856 =424*640 
Constant number •"205*526 add 

Sum = 630066 - log. 2*79945 
Constant divisor— 333 - - log. 2*522444 subtract 

0*277011 X 6*42* 1-778410, 
which is the logarithm of 60*036 inches of mercury. 

Again, we have 250-0*05 x 250^237*5 ; consequently, by multiplying 
as directed in the rule, we get 237*5 x 0*00168 x 16=6-384, which being 
divided by 95 x 5=475, gives 0*01344 ; and by taking this from unity and 
multiplying the remainder by the elastic force as calcu&Ued above, the value 
of the reduced elastic force becomes 

/'-60-036 (1-0 0l344)=59-229 inches of mercury. 

The loss of force is therefore 60*036—59*229=0*807 inches of mercury, 
which amounts to the y^th part of the entire elastic force of the steam in the 
boiler as generated under the given temperature, being a quantity of suf- 
ficient importance to claim the attention of our engineers. 

Feed Water. 

. The quantity of water required to supply the waste occasioned by eva- 
poration from a boiler, or, as it is technically termed, the *' feed water " 
required by a boiler working with any given pressure, is easily determinable. 
For since the relative volumes of water and steam at any given pressure 
are known, it becomes necessary merely to restore the quantity of water 
by the feed pump equivalent to that abstracted in the form of steam, which 
the known relation of the density to the pressure of the steam renders of 
easy accomplishment In practice, however, it is necessary that the feed 
pump should be able to supply a much larger quantity of water than wljjit 
theory prescribes, as a great waste of water sometimes occurs from leakage 
or priming, and it is necessary to provide against such contingencies. The 
feed pump is usually made of such dimensions as to be capable of supplying 
S| times the water that the boiler will evaporate, and in low pressure 
engines, where the cylinder is double acting and the feed pump single acting, 
this proportion will be maintained by making the pump a 240th of the 
capacity of the cylinder. In low pressure engines the pressure in the 
boiler may be taken at 5 lbs. above the pressure of the atmosphere, or 20 lbs. 
in all ; and as high pressure steam is merely low pressure steam compressed 
into a smaller compass, the size of the feed pump relatively to the size of 
the cylinder must obviously vary in the direct proportion of the pressure. 
If, then, the feed pump be l-240th of the capacity of the cylinder when the 
total pressure of the steam is 20 lbs., it must be I-120th of the capacity of 
the cylinder when the total pressure of the steam is 40 lbs., or 25 lbs. above 
the atmosphere. This law of variation is expressed by the following rule, 
which gives the capacity of feed pump proper for all pressures : — Multiply 
the capacity of the cylinder in cubic inches by the total pressure of the 
steam in Ib«. per square inch, or the pressure in lbs. per square inch on the 
safety valve, plus 15, and divide the product by 4800 ; the quotient is the 
capacity of the feed pump in cubic inches, when the feed pump is single 
acting and the engine double acting. If the feed pump be double acting, 
or the engine single acting, the capacity of the pump must be just one hidf 
what is given by this rule. 

Coin>EN8iNo Water. 

Mr. Watt found that the most beneficial temperature of the hot well of 
his engines was 100 degrees. If, therefore, the temperature of the steam 
be 212<^, and the latent heat 1000°, then 1212° may be taken to represent 
the heat contained in the steam, or 1 1 12° if we deduct the temperature of 
the hot well. If the temperature of the injection water be 50°, then 50 
degrees of cold are available for the abstraction of heat, and as the total 
quantity of heat to be abstracted, is that requisite to raise the quantity of 
water in the steam 1112 degrees, or 1112 times that quantity, one degree, 
it would raise one-fiftieth of this, or 22*24 times the quantity of water in 



the steam, 50 degrees. A cubic inch of water therefore raised into steam 
will require 22-24 cubic inches of water at 50 degrees for its condensa- 
tion, and will fortn therewith 23*24 cubic inches of hot water at 100 
degrees. Mr. Watt*s practice was, to allow about a wine pint (28*9 cubic 
inches) of ii\jection water for every cubic inch of water evaporated from 
the boiler. The usual capacity for the cold water pump is ^ th of the 
capacity of the cylinder, which allows some water to run to waste. 
As a maximum effect is obtained when the temperature of the hot well is 
about 100^, it will not be advisable to reduce it below that temperature in 
practice. With the superior vacuum due to a temperature of 70° or 80° 
the admission of so much cold water into the condenser becomes necessary, 
— and which has afterwards to be pumped out in opposition to the pressure 
of the atmosphere, — that the gain in the vacuum does not equal the loss of 
power occasioned by the additional load upon the pump, and there is there- 
fore a clear loss by the reduction of the temperature below 100°, if such 
reduction be caused by the admission of an additional quantity of water. If 
the reduction of temperature, however, be caused by the use of colder 
. water, there is a gain produced by it, though the gain will within certain 
limits be greater, if advantage be taken of the lowness of the temperature 
to dimini^ the quantity of injection. 

Safety Valves. 

It is not difficult to ascertain the dimensions of an orifice in a boiler of 
given evaporative power, which shall permit such an escape of steam as 
will prevent the pressure from exceeding any assigned amount 

For this purpose. 

Let < = the maximum temperature to which it is wished the steam 
should rise. 
/ = corresponding elastic force measured in inches of mercury. 
Let N= number of cubic feet of water that can be converted into steam 

in one hour. 
Therefore from formula (V) (page 42.,) the number of cubic feet of 
steam having temperature t and corresponding force y^ that can be prodnoed 
in one hour, is equal to 

75-67 X (459 + QxN 

/ 
Let 4r= Area in square inches of the orifice of the si^bty valve. 

Vb Velocity in feet per second of the escape into air of steam at 
temperature t and force/ 

Then there escapes per second -r— cubic feet of steam, and per hour 

25 X V. Now the orifice of the valve ought to be so regulated as to allow 
the steam to escape as fast as it can be formed in the boiler ; therefore 

75- 67 X (459 + Q x N 

/ 
therefore, 

3-0268 X (459 -fQxN 

But since steam at a temperature of 212° balances the atmosphere,* we 
may conclude that the steam will escape at the same rate into the air as it 
would into steam at a temperature of 212°. Hence we may apply the prin- 
ciple mentioned in page 43 : — 

Let h = height of a column capable of producing a pressure/. 

A' = height of a column capable of producing the pressure of the 

atmosphere. 

Then from formula 1 1 (page 43.) we obtain V=5 VA— A'. But if v denote 
relative volume of steam at temperature t, then A =1*1341 fv, and A^= 
1*1341 / t7 ; where/' denotes the pressure of the atmosphere in inches of 
mercury, 

•/ V = 5 Vri341 t>(/-/) = 5-322 -v/o (/-/) 

Substituting the value of i; from formula U (page 42.), and denoting --/^ 

by ft, we obtain 

V « 5*322 -v/75*67xnx(459 + (^ 

=46*32 -/nx (459 + 

Substituting this Value of V, we obtain 

3*0268 X (459 + QxN 



25jrV= 



46*32 x/-v/iix (459 + 
.0658 ^^^N 



= •0653 X 



f^n 
^ / 459+7 



Af-fx) 
From this formula we derive the following rule: — 

Rule. — Add 459 to the temperature of the steam in degrees of Fahrenheit ; 
divide the sum by Uie product of the elastic force of tlte steam in inches vf 
mercury, into its excess above the weight of the atmosp/icre in inches ofmer* 
cury; nadt^^ Uie square root of the quotient by -0653; multiply thisprodwd 



bftkenKmiero/cMiicfitlper ioi£ra/aattreti^)crattd,and Ihit hutpmduct 
it tht thamtiad ana of Hit orifice of tht ta/etg-valut in tguan mc/ia. 

To RppiT thil to an example — vbich, however, it man be rememb«r«d, 
will give a rault much too ■null for practice^ 

Required the leaat area of a ufel; valve of a boiler mited tar a 9S0 bone 
power engine, vorkiog with iteam 6 Ibi. more thao the almoaphere on the 
aqoare inch. 

Id tfaia caw the total presmre la eqnal to SI Iba. per aquar* iiieh ; and u 
in nmnd Dombera one pound of preaiare U equal to abant two inchea of 
inercary, it fbllowa thaty—fS inehea of mercarj. 

It will be nece» - 

ntioB it u followa 



3 odcolats t from formola (S) p 



Theope- 



S -545309 
ntUnral DQmbera>3S0-93 
CMUlant tempertuote— 131 



"■^"■/'^^ry-' 



/ 6B8-92 
~V 50-4 " 



^1-3669- 1-168 
=-0653 X 1-168 I N--075T S. 

We have italed in a former part of tbia work that a cable foot of water 
evaporated per hoar is eqaivalent to one horee power ; therefore in thia 
<weK~250aDdr-18-9a5aq. in. 

Ai another example. Required the proper area of the Bafely-valve of a 
bcnler aoited to an engine of SOO hone power, when it ii wished that the 
ateam iboold oerer acqoire an elaalie force greater than 60 Iba. on the 
•foare inch above the atmoiphere. 

In thia caae the whole elastic force of the ateam ia 75 lbs. ; and as 1 lb. 
eoRcapondB in round numbera to 3 inches of mercorj, it followa tbaty — 
ISA It will be neeeiury to calcalsle the tempenlure corresponding to 
tbia force. The operation, aa performed bj formula S, page 41., it m 

Log; 150-He-4a'-S-176091-i-6-43- -3^8953 
cooatantcoeffleientsi 196 log. 3-393363 add 

natural Dumber— 437-676 3'63I31S 

conitaat temperature— 131 

nqnirad tenperatore 306'B76 degreea of Fahrenheit'* teals 
Ihercforo *^^*' 459 + 306-676 765-676 _ 765-896 

/(/-30)°150 (lS0-30)"lS0 X iaO~18000 
-■0*3549; therefbre ^^l^±i-_ v'-04S549 = -30628 

Heoee the required area - -0653 x -30638 x 600 — -01347 x 500 — 6-735 
•qnare inchea. 

If the area of the aafbw-valve of a boiler luited for an engine of 500 
hone power be required, when it ia wiahed the ateam ahonld never acquire 
a greater temperatue than 300°, it will be necessary to calculate ^e 
elaatic force correiponding to thia temperature j and by formula Q, page 40., 
the required area - -0653 x -231 x 500 =-0151 >i500 = 7-55 square inchea. 
h will be perceived tnna these example! that the greater tbe elaaticit}' 
■Dd the higher the con-eaponding lemperatare the leas is the area of tbe 
Hfety-valve. This is just aa might have been expected, fbr then the steam 
«n escape with increased velocity. We may repeat that the results we 
have arrived at are much less than those used in practice. For the sake 
ef lafetj the orifices of the safety-valve arc intentionally made moeh larger 
t^U what theory regnires ; usually ^ of a tqnare Inch per horse power v 
Ike crdiaarj proportion allowed in the case of low pressure engiiiM. 

SUHB ViLVE. 

WeshiU first find a formula which — the dimenaioai of the valve eccentric, 
ftc, being given — will enable us to find the exact position of tbe valve, cor- 
fs^anding to any given pert of the stroke of the piston ; and thenafcnnula 
to give convenely the position of the piston coirespooding to any given posi- 
tion of the valve. We shall then find another fonnula to determine tlie 
■T and length of stroke of the valve that are requisite to cut the : 
It any given part of the strokt -" - - 
mplea, and sul^oin a digest ol 
examples for the use of those f^io are not lammar wnu aigeoraic noiaiioo. 
We shall suppose/^. ■^^^{mK4. to represent a steam engine cylinder, 
Clank, and ahort alide-valve. A A is the cylinder, d ti the valve, a a' the 
team porta, e the exhaaating port. H 8 is the v^ve rod connected with 
A* lever O S, which works on a sbail whose centre is at O. On the same 
Aaft is another lever, O P, to which the eccentric connecting-rod is attached 
bf a pin at P. C ia the centre of the fly-wheel shaft, C D the length of (he 
enak, and C V the radius * of the eccentric B D Kpreeeot* the coit- 

■ ' Ba«as eruw » 



necting-rod when the plstoo is m the top of the stroke. ;i p is the piston, 
and R p' is the piston-rod. The valve, as shown in dotted lines, is at its 
middle position, or half stroke. When the piston is at tbe top of its atroke, 
however, the valve must be in the position shown by the sectional lincb 




The space F E' which the valie overlapa the ateam port, we call the cover 
on the ateam aide. J K, the oveihip on the other aide of the port, we call 
the cover on the exhausling side. It is usual to have the valve so adjusted 
that the steam port may he slightly open when the piston is at the top oi 



length is such (hat when the eccentric is in the position C Q, at right 
angles to C P, the valve may be exactly in iu middle poaition ; that is, that 
the overlap F E/ may be the same as tbe overlap G H at the other aide. 
When the len^ of the valve-rod is thus determined, the proper position 
of the eccentnc on the shaft may then be ascertained by placing the crank 
m the perpendicular poaition, as shown In the figures, and turning the 
eccentric round into a position C V, such that the valve will he paahed 
downwards so far as to cause the port a juat to begin to be opened «t F E. 
The eccentric may then be fixed firm to the ahaft. 

To facilitatethefollowinginvestigations, we shall denote the various parts 
by different letters thus : — 

' "tadins of the crook. 

i f' — radius of eccentric, or half the stroke of the valve. 

« — distance of the piston at any moment from the top of its stroke. 

f — distance of the valve at the corresponding time from top of itt strcAe. 

J ■■ arc travelled over by the crank (measuring from the perpendicnlar 
position CD) while the piston has moved over a space-s. 

c .^cover of the valve on tbe sleam aide. 

c' = cover of the valve on the exhausting side. 

/ -lead of the valve. / 

We are now prepared to investigate a formulate give the value of s**^ 
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respective cranks C V and C D ; or,in otherwords, we shall consider these 
rods to be always parallel to the lines C P and C p'. This, of coarse, can 
never be exactly tme ; bat in almost every case the error tiias introduced 
is small in amoant, or at least of sach a kind as to produce no error in the 
results* of any practical importance. 

When the cnmk is in any position C IV, the distance s will evidently be 
equal to D U; that is, to r—r cos x, and this will be the value of « in any 
part of the revolution ; for, after the crank passes the horizontal line CD", 
the cosines of s become negative. Thus, when the crank is in the position 
C D"', t will be equal to D U'", or to r^r cos. x, the same as before. 
We have, therefore. 



or 



»«=r — rcos. xl ^ v 
»»r(l— cos. r)J ^'^^ 



Again, when the crank is in any position C IV , the eccentric will also have 
moved over an arc V V, equal D D' or to z. So that the distance ^ will be 
equal to k/t or to r' + Vm. 

That is, y^ A/ 

But kf^r-r COS. arc V V A. 

Now the arc V V k may be considered as made up of three parts, vix. 
A V or 90°, V V or x, and lastly, Q V, the length of which is determined 
by the quantity of cover (c) and the lead (0 ; the arc V Q bemg always 
such that its sine multiplied by r' may be equal to c + ^ We shall therefore 
have, 

arc A V V'-90o + shL-»^ + *t 

r 

For simplicity in the notation let us put 

90O + 8in.-»£±?=d 
r 

Then, arc k V V'«rf+x 

And kf^rf-rf cos. (d+x) 

But kf^s' 

:, if^r'^r* cos.(rf+jr) 

Or«'»r'[l-cos. 

Or tf^T* vers. 
Now the arc X is evidently equal to the arc whose versed sine to the 
radius r is equal to «, that is. 



1. (</+»)/ 



(4), 



~1 



vers. 



Or««scos.— 



■('-?) 



Substituting, therefore, in the last two equations, the values of x and d, 
we shall have 

s'-r' I l-cos.(90o + 8ixi.-^£±/+co8.-» ^) } 

Or s'-r' vers. (90<>+sin.-'£±/+ vers.— ) 

Again, from fonnula (6) we have 

ri^tf^i* cos. (<f +x) 

'^""' .C08.(<f + X) 






Hence, (f+X! 



—I 



'COS. 



r'— s' 



XaCOS. 



-»r'-«' 



Substituting this value of x in fonnula (a) we have, 

/ -1 

•C06.IC0S. 

Or«»rvers. fcos. 



r-r|l-( 



(■ 






• It may be latUfkctory Co the reader that we should make a few remarks, to show how It 
it that the errors thus Introduced into our inTetUcatioos are of no practical 
importance. First, with regard to the shortness of the connectln^rod, the error 
Introduced by It arises from the circumstance that the crank is not horisontalat 
half stroke of the piston. Thus suppose C O in the figure to be the crank, and 
O P the connecting-rod. Suppose P and P" to be the extremities of the stroke 
of the point P. P* D and P'^E will both be equal to P O, and therefore, If P 
Is the position of the cross-head at half stroke, P C will also be equal to P O. 
Hence it Is that the crank must always be below the horisontal line at half 
stroke, and the shorter the connecdng-rod is in proportion to the crank, the 
more will the crank at half stroke deviate fhmi the horisontal position. 

The motion of the valve, however, not being affected by the shortness of the 
connecting-rod, will, so (ar as /f is concerned, work, in relation to the crank, 
exactly as if the connecting-rod were infinitely long. That is, when the crank 
it horisontal, the valve will be in the position properly correspooding to hsif-stroke. 

This, it will be readily perceived, is of no consequence to the working of the engine. 
The grand point is to get the valve to work correctly at the critical moment when the pistoo 
apnroaches either end of its stroke, and is changing the direction of its motion. 

The derangement produced by a short eccentric-rod is of little practical importance from 
the same cause. 

The valve being placed correctly when the piston Is at the end of the stroke, the only 
effect of the short valve connecting-rod, will be to make the valve travel a llttie farther one 
way than it does the other, or, what is the same thing, the valve will be a little more open 
at half stroke, when the piston is going one war, than when it is going the other. 

t 8In-i A, means the arc whose sine is equal to ▲. Coi.~i Ameans the arc whoMcoiins 
is equal to A, and so o«. 




\ 



Substituting for d its value, we get, 

«rsr J 1— COS.! COS. — -^ 90° — sin. -— - J \ 



Or s^r vers. (vers. 



(' 



^ — 900 — sin. 
r 



f" )J 



(B) 



Either of the formulas (A) will readily enable us to find, by the aid of a 
table of natural sines, the vsdue of s', or the position of the valve for any 
value of «, and conversely either of the formulas (B) will give us the value 
of «, corresponding to any value of s'. 

We may now proceed to investigate a formula that will gire the amount 
of the cover on the steam side that is requisite to cause the steam to be cut 
off at any required part of the stroke. 

The steam, when the piston is going down, will be cut off when the 
edge of the valve E comes to the edge of the port F during the upward 
motion of the valve. Now this will happen when the eccentric is in some 
position C V", such that the Sine of the arc V' Qf is equal to the cover 
on the steam side. But when the crank has made half a revolution, or 
reached its lowest position, the eccentric will also have made half a revo- 
lution, and will be in the position C V"''. It thus appears that, when the 
steam is cut off, the crank has described an arc of 180 degrees, minus the 
arc V" V"". Supposing, .therefore, that C D"' represents the position of 
the crank when tiie steam is cut off, we will have the arc D D" D"' » arc 
Y V y". But the distance of the piston from the top of the cylinder, 
when the steam is cut off (call this distance tf'^ is equal to the radius of the 
crank (r), plus the cosine C U'" of the arc D"' D"". We have, therefore, 

^i^r-^r COS. D"' D""-r + r cos. V" V* 



.-. COS. V'"V*« 



*"— r 



CO 



Again, this arc V" V* is composed of two arcs Q' V" and Q' V*. 

Sine Q! V" to radius r' we have already seen is equal to the required 

cover on the steam side, that is, sin. Q' V" » ^, and since Q' V^i^Q V, 



we have 



sin. Q! V*- 



c + / 



The lead is generally very small, and tiierefore these two arcs, Q' Y^ and 
Q' Y'", are very nearly equal : so that it will be sufficiently accurate for 
practical purposes if we make c, the required cover on the steam side^ 
equal to 

r' sin. i arc Y'" Y*— i t That is, c=sin. \ arc Y'" Y*— 4 / {g) 

By a well-known trigonometrical formula. 

Substituting in this the value of Y'" Y^ from formula (/), we get 

sin. 1 Y'" Y< 



"Vf^l 



.• sin.lY-Y--y(i^') 
Hence(^),c-r'y(2^').i/ 



(C) 



The cover that is necessary on the steam side to cause the steam to be 
cut off at any proposed part of the stroke, may be ascertained from this 
formula, by substituting for «", in the second member, the proposed lengtii 
of stroke to be made bdfore the steam is cut off 

The tiiree formulas A, B, and C, which we have now investigated, will 
enable the engineer to solve any questions that are likely to arise respecting 
the working of the slide-valve, and will frequentiy obviate the necessity of 
the very common practice of making wooden models of the valve to see 
how it will work, or how much cover it ought to have. The formulas are 
easily worked, and require in general but littie calculation, llie only 
auxi&ary required is a table of natural sines, which is to be found in 
almost every collection of trigonometrical tables. 

As an example of the application of formula (C) 

Inches. 



Let the stroke of the engine 

Or . 
The stroke of the valve • 

Or . 
Lead • • 

• • • • 



60 

30 

10 

5 

\ 
45 



It is required to find how much cover the valve should have on the steam 
nde to Toake the steam be cut ofi^ when the puton is 45 inches fitm the 
bei^nning of the stroke. We have (C) 

i—g >^(- 77 \ — i=2J mches, the amount of cover 



required to produce the given amount of expansion* 



Slide Valve. 



89 



As an example of the application of fonnnla (C), we may apply it to the 
same case. 

We have found that the cover should he 2| inches to make the steam he 
cot off at three-quarters of the stroke. By formula (C) we may now verify 
our calculation, and — supposing the valve to be made with a cover of 2| 
inches — we can see whether or not it will cut the steam off at the proper 
part of the stroke. 

Supposing the piston to he moving downwards, when the steam is cut 
o£^ the valve is below its middle position by the length of the cover 2j 
mches, and when at its middle position, it is half the length of its stroke (5 
mches) below its highest position ; hence m' » 7}, or ^ » 7 '375. The values 
of the other letter* will be the same as before. We will have, therefore, 

cos. llLrjr^^«cos.-» — •475-1181° or 241i<' 

Both these arcs have their cosines equal to — '475 ; so that we may take 
cither of them. 

Aho,Bin.1^^»m. "*-525-23<> 
r 

and we have (C) 

t-r Jl — cofc(118lo — 90<^ — 320) j «^ [l— co^. 34^] 

Or,«»r [l — cos. (241iO — ao^' — 320)} r [l— cos. ligj^'} 

■oeording as we take the first or second value of cos. — - — 

Now, €08.310-0-9981 

And, COS. 11940 «— 0-4924 

Hence, <-30 (1 — '9981) 

Or,«-30(l + '4924) 

.•.»-'057, or 44-76. 

The second value of « is evidently the one required for our present pnr- 
poie, and shows that the steam will be cut off at 44*76 inches from the 
hemning of the stroke, which agrees very nearly with our former calcu- 
lation, which made a cover of 2j inches cut the steam off at 45 inches from 
the beginning of the stroke. 

With regaird to the above calculation it may be remarked, that there are 
an infinite number of arcs which have their cosines equal to — *475 ; but if 
we were to take more of these arcs it would be found, that they would 
ultimately all give one or other of the results we have already obtained, so 
that it is unnecessary to take more than the first two of them. 

The reason that we get two values for «, is this. For each position of 
the valve there are two corresponding positions of the piston ; the one 
being its corresponding position when going downwards, and the other 
when going upwards. The second value we got for «, therefore, shows us 
that when the piston is moving upwards, the valve will begin to open the 
port, a, when the piston is -057 inch fh>m the top of its stroke. By in- 
cfeating the cover on the steam side of the valve, any amount of expansion 
may be obtained, and we mi^ht thus obviate the necessity of using expan- 
sion-valves, were it not that mcreasing the cover on the steam side beyond 
moderate lunits deranges the working of the exhausting ports. A valve 
with much cover on the steam side must always shut the exhausting port 
eonsiderably before the piston has reached the end of the stroke, while it 
at the same time opens a passage to the condenser for the steam that is 
acting expansively, and thereby entirely removes the propelling power 
hefbre the piston has completed its stroke. In the valve we have taken as 
an example, the operation of this kind of valve in producing expansion is 
carried too fkr, or at least to the utmost allowable limits. As another 
example of the use of formula (C) we shall apply it to the same valve to 
ascertain to what extent the objections we have just described apply in this 
instance. Let us suppose that the cover on the exhausting side (</) is } 
hieh, we would Uien have the exhaustion below the piston cut off when the 
nlve is 5| inches below its highest position. 

In odier words we will have ^'—54. 

Then, cos. — l--l-cos. --1.-960 or-2640 

And as before, sin '"_^'s.320 

r' 

Hence t-SO (1 —cos. 260) or 30 (1 — coa. 1420) 
/. s— 3-03 or «— 53*64 

We thus see that the exhaustion below the piston would be cut off when 
tbe piston is still about 6) inches from the bottom of its stroke. The other 
nlue of s shows that, when the piston is going upwards, the exhausting 
passage for the steam below it would be opened when the piston was still 
8*03 inches from the top of the stroke. 

In what precedes we have spoken exclusively of the common short slide- 
Tdve, soch as is represented in the figure ; but the lon^ D valve works on 
exactly the same principle ; only in it the exhausting sides of the ports are 
nsoally reversed. The steam generally enters the cylinder from the insides 
Of the porta, that is, from K and M, and exhausts at F and O* 



The formula (C) however will apply to the long sliae without alteradon, 
and the other two formulas (A and B) require only one sign to be chuiged* 
For the long D valve these two formulas will stand thus : — 



j'«r[l-cos./90°-sin.""*i±i + co8."■'Jlrf^ | 
ors'-r. vers. /90*>-8in. '"*^^+ver8. -\ 



(A) 



ssr-j 1— COS. [cos. 



-»r'-#' 



or <— r. vers. (vers. 



(■ 



H 
-jy 



90O + sin. 



• -90O + 8in. 
r 



c + l 



(B) 



The principal results of the foregoing observations may be expressed in 
the four following practical rules, applicable alike to short slide and long 
D valves. 

Rule I. — To find how much cover must be given on the steam side in order to 
cut the steam off at any given part of the stroke. 

From the length of the stroke of the piston, subtract the length of that 
part of the stroke that is to be made before the steam is cut off. Divide 
the remainder by the leng^ of the stroke of the piston, and extract the 
square root of the quotient Multiply the square root thus found by half 
the length of the stroke of the valve, and from the product take half the 
lead, and the remainder will be the cover required. 

Rule II. -*- To find at what part of the stroke any given amoutit of cover on 
the steam side will cut off the steam. 

Add the cover on the steam side to the lead ; divide the sum by half the 
length of stroke of the valve. In a table of natural sines find the arc whose 
sine is equal to the quotient thus obtained. To this arc add 90°, and frx)m 
the sum of these two arcs subtract the arc whose cosine is equal to the 
cover on the steam side divided by half the stroke of the valve. Find the 
cosine of the remaining arc, add 1 to it, and multiply the sum by half the 
stroke of the piston, and the product is the length of that part of the stroke 
that will be made by the piston before the steam is cut off. 

Rule III. — To find how much before the end of the stroke^ the exhaustion 
of the steam in front of the piston will be cut off 

To the cover on the steam side add the lead, and divide the sum by half 
the length of the stroke of the valve. Find the arc whose sine is equal to 
the quotient, and add 90o to it Divide the cover on the exhausting side 
by half the stroke of the valve, and find the arc whose cosine is equal to 
the quotient Subtract this arc from the one last obtained, and find the 
cosine of the remainder. Subtract this cosine from 2, and multiply the 
remainder by half the stroke of the piston. I'he product is the distance of 
the piston from the end of its stroke when the exhaustion is cut o(L 

Rule IY. — To find how far the piston is from the end of its stroke^ when the 
steam that is propelling it by expansion is allowed to escape to tfte condenser. 

To the cover on the steam side add the lead, divide the sum by half the 
stroke of the valve, and find the arc whose sine is equal to the quotient 
Find the arc whose cosine is equal to the cover on the exhausting side, 
divided by half the stroke of the valve. Add these two arcs together, and 
subtract 90o. Find the cosine of the residue, subtract it from 1, and mul- 
tiply the remainder by half the stroke of the piston. The product is the 
distance of the piston from the end of its stroke, when the steam that is 
propelling it is allowed to escape to the condenser. In using these rules 
all the dimensions are to be taken in inches, and the answers will be found 
in inches also. 

From an examination of the formulas we have ^ven on this subject, 
it will be perceived (supposing that there is no lead) that the part of the 
stroke where the steam is cut off, is determined by the proportion which the 
cover on the steam side bears to the length of the stroke of the valve: so 
that in all cases where the cover bears the same proportion to the length of 
the stroke of the valve, the steam will be cut off at the same part of the 
stroke of the piston. 

In the first line, accordingly, of Table L, will be found eight different 
parts of the stroke of the piston designated ; and directly below each, in Uie 
second line, is given the quantity of cover requisite to cause the steam to be 
cut off at that particular imrt of the stroke. The different sizes of the cover 
are given in the second line, in decimal parts of the length of the stroke of 
the valve ; so that, to get the quantity of cover corresponding to any of the 
given degrees* of expansion, it is only necessary to take the decimal in the 
second Ime, which stands under the fraction in the first, that marks that 
degree of expansion, and multiply that decimal by the length you intend to 
miJLe the stroke of the valve. Thus suppose you have an engine in which 
you wish to have the steam cut off when the piston is a quarter of the 
length of its stroke frx)m the end of it, look in the first line of the table, and 
you will find in the third colunm from the left, \. Directly under that, in 
the second line, you have the decimal, *250. Suppose that you think 18 
inches will be a convenient length for the stroke of the valve, multiply the 
decimal *250 by 18, which gives 4^ Hence we learn, that with an 18-incli 
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Exparuum by Slide Valvt. 



Mroke tor the valve 4( inchei of cover on the iteun lide will cause ihe neaia 
to be cat off vhea the piiton hu still a qosrter of it< stroke to peifornx. 

Half the stroke of the valve must slwayi be at Itiul equal to the cover od 
the steun side added to the breadth * of the port ; comeqiieiitl}', ai the 
cover, in this caae, mnit be 4^ inchea. and as half the atroke of the valve is 
9 inches, the breadth of the i>ort cannot be more than (9-41 — ll) 4J 
inches. If this breadth of port ia not enough, we must increase the stroke of 
the valve ( by vhich means ire shall get both the cover and Ihe bread^ of 
the port proportionally increased. Thns, if we make the length of valve- 
•troke 30 inches, we iha)L have for the cover '350x30=5 inches, aod for 
the breadth of the port 10— 5 = S inches. 

TABLE L 



the termiaolion of iu stroke, \ 
■when the tleam is cut off, ■, or 
in parts of the iesgth of its 
stroke - - - -J] i 
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Covcron.hestcamBidi.ofthe-)l | 1 1 
valve, in decimul ports of}. '-289 'aTO -350 -338 
the lenslli of its stroke -J, | | | 
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This table, as we have already intimated, is computed on Ihe aupposiiion 
that the valve is to have no lead ■, but, if it is to have lead, all tlBt is neces- 
ury is, to subtract half the proposed lead fWtm the cover found trom Ihe 
ttUe, and the Kinaiiider viU be the proper quaniily ot cover to ^ve to the 
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valve. Suppose that, in the last example, the valve was to have } mch of 
lead, we would anblract | inch from the 5 inches found for (he cover by the 
table : that would leave 4[ inches for the quantity of cover that the valve 
ought to have. 

Table IL ii an extension of Table L, for the purpose of obviating, in most 
cases, the necessity of even the very small degree c^ trouble requited in mul- 
tiplying the stroke of the valve by one of the decimals in Table I. The first 
line of Table II. conaiits, aa in Table L, of eight fractions, indicating the 
vanoui parts of the stroke at which the sleam may be cut off. The first 
cotumii on the left hand consists of various numbers that represent the dif< 
ferent lengths that may be given to the stroke of the valve, diminishing, by 
half-inches, fh>m 24 inches to 3 inches. Suppose that you wish the steam 
cut off at any of [he eight parts of the stroke indicated in [he first line of Ihe 
table (&ay at J &om ibe end of the stroke,) you find J at the top of the 
sixth column from the left. Look for the proposed length of stroke ot the 
valve (say 17 inches] in the first column on the IcfL From IT, in that 
column, run along the line (owardi the right, and in Ihe sixth column, aod 
directly under the J at the top, you will find 3-47, which ii the cover re- 
quired to cause (he steam to be cut off at J from the end of the stroke, if 
the valve has no lead. If yon wish to give it lead (say J inch,) subtract the 
half of that, or | - '125 iuchfrom 3-47, and yon will have 3-47 - -ISS — S^34S 
inches, the quantity of cover that (he valve should have- 
To find the greatest breadth that we can give to the port in this case, we 
have, as before, half the length of stroke, 81 ~ 3^345 = 5-l5b inches, which 
is the greatest breadth we can give to the port with this len^h of stroke. It 
is scarcely necessary to observe that it is not at all esseotial that the port 
should be so broad as tbisi indeed, where great length of stroke in the 
valve is not inconvenient, it is always an advantage to make it travel farther 
than is jnal necessary to make the port full Open ; because, when it travels 
further, both the exhausting and steam ports are more quickly opened, so 
as to allow greater iVeedom of motion to the steam. 

The manner of using this table is so simple, that we need not trouble the 
reader with more examples. We pass cm, therefore, to explain the use of 
Table IIL 

Suppose that the piston of a iteam-eiigine is making its downward stroke, 
that the sleam is entering the upper part of the cylinder by the upper 
steam-port, and escaping n^om below the piston by the lower eibantting- 
port ; then, if (as is generally the case) the slide-valve has tonte cover on 
the steam side, the upper port will be closed before Ibe piston gets to the 
bottom of the stroke, and the steam above then acts expansively, while the 
communication between the bottom of the cylinder and the 
continues open, lo allow any vapour from the condensed 
cyli[ider, or any leakage past the pistou, to escape inti 
before Ihe piston gets to the bottom of Ihe cylinder, this passage to the 
condenser will also be cnt off by Ihe valve closing the lower port. SOOD 
after the Lower port is thus closed, the upper port will be opened lowarda 
the condenser, so as to allow the steam ibit has been acting expansively 
to escape. Thns, before the piston has completed its stroke, the propelling 
power IS removed fMm behind it, and a resisting power is opposed hefbre 
It, arising fW>m the vapour in the cylinder, which has do longer any pas- 
sage open lo the condenser. It is evident, that if there is no cover oa 
the exhaustiog side of the valve, Ihe exhausting port before the piston will 
be closed, and the one behind it opened, at the same time ; but, if there ia 
•ov cover on the exhausting ude, the port before the piston will be closed 
before that behind it is opened; and the iolerval between the dosing of 
the one, and the opening of Ibe other, will depend on the quaniily of cover 
on the eihansting side of Ihe valve. Again, the position of the piston in 
the cylinder, when these ports are closed and opened respectively, will 
depend on the quantity of cover that the valve h^ on Ihe iteam side. If 
the cover is large enough to cnt the steam off when the piston is yet • 
considerable distance from Ihe end of its stroke, these ports will be closed 
and opened at a proportionsblj early part of the stroke ; and when it u 
attempted to obtain great expansion by the slide-valve alone, without an 
exnnsion -valve, considerable loss of power is incurred fhim this cause. 

Table IIL is intended to show the parta of the stroke where, onder any 
given arrangement of slide-valve, these ports close and open respectively, 
so that thereby the engineer may be able to estimate how much of the 
efficiency of the engine he loses, while he is trying to add to the power of 
the steam by increasing the expansion in this manner. In the table, there 
■re eight double columns, and at the heads of these columns are eight 
thtctions as before, representing so many different parts of the stroke at 
which the steam may be supposed to be cut off. 

In the left-hand single column in each double on^, are (bur decimal* 
which represent the distance of the piston (in terms of Ihe length of its 
stroke) troia the end of its stroke when the exhausting-port before it ia 
opened, corresponding with the degree of expansion indieUed by the fractjon 
at the top <^ the double column and the cover on the exhausting side 
opposite to these decimals respectively in the left-hand column. The li^it- 
hand single colnmn in each doable one contains also each four decinttla, 
which show in the same way at what part of the stroke the exhausting* 
port behind the jHston ia opened. A few examples will, perhaps, explain 
this best. 

Suppose we have an engine in which the slide-valve is made to cot th» 
steam off when Ihe piston is l-3d fhim the end of its stroke, and that iha 
cover DO the exluHUtingNdeirf the valve i> l-8thof the whole length cf its 
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•trak(. L«l the stroke of Ihe plsion be 6 feet, or 72 inches. Wr wish to 
koow vbeD the exhausting port before Ihe plslon will be cloaed, and wheo 
the one behind it will be opened. At the top of Ihe left-hand doable 
column, the given degree of expaniion (l-3d) it marked, sod in the 
cnreme left cotnnin we have it the top the given smotint of cover (l-Bth). 
Oppofite Ihe 1-Sth, in the finl double column, we have -178 and -033, 
which d«eimBli, maltiplied Tespectivelj by 73. the length of the stroke, 
will give the required poaitiooB of the piston : thus 72 x-I78^1S-8 inches 
^diMancG of Uie piston frmn the end of Ihe alroke when the exhausting 
port btfon the piston is shut ■ and 72 > -033 — 238 inches ^distance of the 
pitton IVom the end of iu stroke when the eihausCing-port behind il is 

To take another example. Let the stroke of the valve be 16 incbet, 
the cover oa the exhausting side 1 inch, the cover on the steam side Z\ 
Inches, the length of the stroke of the piston BO iucheii. It is required to 
ncertain all the particulars of the working of this valve. The cover on 
the eshkuating aide is evidently ,^ of Ihe length of the valve stroke. 
Again, looking at 16 in Ihe left-hand column of Table II.. we find in the 
MmF faoriioatai line 3-26, or very nearly 3| under | at the bead of Ibe 
eolnmD, thai showing thai the steam will be cut off at ^ from the end of 
the itn^e. Anin, under ^ at the head of die fifth double column fhim 
the left in Table IIL, and in a horiiontal line with ^ in the left-hand 
Golumn, we have ■OSS and -033. Hence, ■OSS « GO'^s^lS inches ^distance 
li the pisloQ from the end of its stroke when the exhausting port before it 
isshnt, and -033 ic60->l-9e inches -^ distance of the piston from the end of 
iti stroke when the exhanicing port behind it is opened. If in this valve 
the cover on the exhausting side were increased (say to a inches, or f of 
the stroke,} the effect would be to make the port hefore the valve be shut 
sooner in the proportion of -109 to '053, and the port behind it later in the 
proportioa of -008 to -033 (see Table III.)- Whereas, if the cover on the 
exhansting side were removed entirely, Che port before the piston wonld be 
■hat and that behind it opened at the same time, (and see bottom of fifth 
double column, Table III.) the distance of the piston fttim the end of iu 
Itroke al that lime would be -043 x 60 = 2-58 inches. 

An inspection of Table III. shows us the effect of increasing the ex- 
tansion by the slide-valve in augmenting the loai of power occasioned by 
the imperfect action of the eduction passages. Referring to the bottom 
line of the Table, we see that the eduction passage before the piston is 
doMd, and that behind it opened, (thus destroying tbe whole moving power 
of the engine,) when the pislon is -092 from the end of its stroke, the steam 
bang cut off at | from the end. Whereas, if the steam is only cut off at >i, 
hinn the end of the stroke, the moving power is not withdrawn till only 
DIl of the stroke remains nocompleted. It will also be observed that 
bereasing the cover on the exhausting side has Ihe effect of retaining the 
anion of the steam longer hehind the piston, but it at the same time causes 
the eduction port before it to be cioseil sooner. 

A very cursory examination of the action of the slide-valve la salllcient 
to show that the cover on the steam side should always be greater Chun on 
beexhansling side. If they are equal, the steam would be admiiled on 
HM aide of the piston at the same time that it was allowed to escape from 
Iheotlier) bnt universal experience has shown that when this is the case a 
Ta^eOD^enble part of the power of the engine ia destroyed by the 
nMtUKc opposed to the piston, by the exhausting steam not getting away 
to tbe condenaer with sufficient rapidi^. Hence we see the necessity lu 



the cover on the exhausting side being always less than the cover on th< 
Steam side; and the difference ahoold he the greater the higher Ihe velocity 
of the piston is intended to be, because the quicker the piston moves the 
passage for the waile steam^ requires to be Ihe larger, so as to admit of iu 
getting away to the condenser with as greet rapidity as possible. In 
locomotive or other engines, where it is not wished to expand the sleam in 
the cylinder at ail, the slide-valve is sometimes made with very little cover 
on the steam side ; and in these circnmslances, in order to get a sufficient 
difference between the cover on the steam and exhausting sides of the 
valve, it may be necessary not only to take away all the cover on the 
exhansting side, but to take off still more, so as to make both exhausting 
passages t>e, in some degree, open, when the valve is at the middle of iU 
stroke. This, accordingly, is sometimes done in such cireumalances a» 
we have described ; but, wtken there ia even a amal) degree of cover on the 
steam side, this plan of taking more llunt all the cover off the exhausting 



Fig. 162. 



Fig: 163, 164. 
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dwill 



■Ide ongbt never to be reaoited to, m it ctn wTTe no good pnrpow, 
materutlly increue m evil we hare alread]' eiplained ; vii. the opening 
of ibe ezhauiiling-pon behiod Ihe piiton before tbe itroke ia nearlj com- 
pleted. Tbe Tables applj equally to the common ihort (lide tbree-ported 
Ttlres and to the long D valtea. 

lo Jig. 1S3. ii exhibited a common airangemenl oflheTalTet in locomo- 
tire engines, and in ^^. 163. and 164. are ibown an amngemenl for 
working talvea by a shifting cun, by which the amount of eipuiaioD may 
be varied. Thii particular arrangement bowever ia antiquated, and ii now 
bat little osed. 

Tbe extent to which expaniion can be carried beneScially by meani of 
lap upon the vake ii abonl one-third of the stroke ; that ia, Ihc valve may 
be made with ao mucb lap, that the ateam will be cut off when one-thiid 
of the Itroke bal been performed, leaving the residue to be accompliahed 
by the agency of the expanding iteam ', but if more lap be put on than 
•nawen to this omonnl of expansion, a very distorted action of tbe valve 
Ttill be produced, which will impairthe efficiency of the engine. If afurtber 
kmonnl of expansion than this ia wanted, it may be accomplished by wire- 
drawing the steam, or by ao conlracling the steam passage. Ihal the pressure 
within the cylinder must decline when the speed of the piatoa ia accelemted, 
as it is about the middle of tbe stroke. Tbus, for example, if Ihe valve be so 
made as to ahnt off the ateam by the time iwo-thirdsoflbe stroke hate been 
performed, and the sleam be at the same time throttled in the steam pipe, 
the full pressure of the steam within Ihe cylinder cannot be mainluned except 
near Ihe beginning of the stroke where the piatoa travels slowly ; for ai 
the speed of Ihe piston increases, tbe pressure necessarily aabsides, nnlilthe 
piiton approaches the other end of the cylinder, where tbe presaure vonld 
rise again but that the openition of the lap on the valve by this time has 
bad tbe effect of closing the communication between the cylinder and steam 
pipe, so as to prereat more steam jrom entering. By tbrottling the steam, 
therefore, in Ihe manner here indicated, Ihe amonot of expansion doe to 
the lap may be doubled, so that an engine with lap enonjih npon Ihe valve 
lo cut off the ateam at two-thirds of the stroke, mav, by the aid of wire- 
drawing, be virtually rendered capable of culling ot Ihe steam at one- 
thitd of Ihe stroke. The usual manner of cutting off the ateam, however, 
is by means of a separate valve, termed an expansion valve; bnl such a 
device appears to be hardly necessarv in many engines. In tbe Cornish 
engines, where the steam is cut off in some cases at one-twelflb of the 
Itroke, a separate valve for the admission of steam, other than that which 
permits its escape, is of course indispensable; but in common rotative 
engines, which may realise expansive efficacy by tbrottling, a separate ex- 
pansive valve does not appear to be required. In ail engines there is a 
point beyond which expansion caimol be carried with advantage, as the re- 
sistance to be surmounted by the enpne will then become equal to the 
impelling power ; but in engines working with a high pressure of steam 
thai point ia not so speedily attained. 

In high pressure, as contnsted with condensing engines, there ia always 
tbe loss of the vacuum, wbich will generally amount to I! or 13 lbs. on the 
•qnare inch, and in high prenure engines, there is a benefit arising from 
the use of a very high pressure over a pressure of a moderate account 
Id all high pressure engines, there is a diminution in the power caused 
by the counteracting pressare of Ibe atmosphere on the educting side of 
the piston : for tbe force of the piston in its descent would obviously 
be greater, if there was a vacuum beneath it ; and the counteracting pressure 
of the Btnioepbere is relatively less when the steam ued is of a very 
bi|4> pressure. It is clear, that if we bring down the pressure of the 
Iteam in a high pressure engine to tbe pressare of the atmosphere, it will 
not exert any power at all, whatever quantity of steam may be expended, 
and if the pressare be brought nearly as low as that of tbe atmosphere, the 
engioe will exert only a very small amount of power ; whereas, if a very 
high pressure be employed, the pressure of Ihe aonoaphere will become 
relatively as small in coantencting tbe impelling pressare. as the attenuated 
vapour in the condenser of a condensing engine is in resisting the lower 
pressare which is there employed. Setting aside losi from friction, and 
supposing the VBCuum to be a perfect one, there would be no benefit arising 
from the use of steam of a high pressure in condensing engines, for tbe 
nme weight of steam used without expansion, or with the same measure of 
expansion, would produce at every pressure the same amount of mechanical 
power. A piston, with a square loot of area, and a ilroke of three feet 
with a pressure of one atmosphere, would obviously lift tbe same weight 
through the same distance, as a cylinder with half a aqoaie foot of area, a 
•troke of three feet, and a pressure of two atmospheres. In the one case, 
we have three cubic feet of ateam of the pressure of one atmosphere, and in 
the other case 1^ cubic feet of tbe pressure of two atmospheres. But there 
is the same weight of ateam, or tbe same quantity of beat and water in it, 
in both cases, so that it appears a given weight of steam would, under such 
eireuBistancea, produce a definite amount of power, without reference lo 
the pressure. In the case of ordinary engines, bowever, these conditions 
do not exactly apply ; the vacuam is not a perfect one, and Ihe pressure of 
the resisting vapour becomes relatively greater as the pressure of the 
■team is diminished j the tKclion also berames greater from the necessity 
of employing larger cylinders, so that even in the case of condensing 
engines, there is a benefit arising from the use of steam of a considerable 
pressure. Expanuon cannot be carried bm^cially to any great extent, 
nn1tw tke initial pictture be conndenblc) tor if steam of a low prenan 



were used, tbe ultimate tension would be reduced lo a point so nearly ap- 
proBching that of the vapour in the condenser, that Ihe diScreoce would 
not suffice lo overcome the friction of the piston ; and a loss of power would 
be occasioned by carrying expanaiou to such an extent. In some of the 
Coruisb engines, the steam is cut off at one-twelfth of the stroke ; but 
there would be a loss arising from carrying the expansion so far, instead of 
a gain, unless the pressure of the steam were considerable. It is clear, that 
in the case of cngineswhichcarTy expansion very far, a very perfect vacuum 
in the condenser is more important than it is in other cases. Nothing can 
be easier than lo compute the ultimate pressure of expanded ateam. so as to 
see at what pmut expansion ceases lo be productive of benefit ; for as the 
pressure of expanded ateam is inversely as tbe space occupied, the terminal 
pressure when the expansion is twelve times is just one-twelfth of what it 
was at first, and so on, in all other prcgections. The total pressure should 
be taken as the initial pressure — not the pressure on the safety-valve, but 
that pressure plus the pressure of the atmosphere. 

In high pressure engines working at fhim TO to 90lb«. on the iqtUTe 
inch, as in Ibe case of locomotives, the efficiency of a given quantity of 
water raised Into steam may be considered to be about the same as in con- 
densing engines. If the pressure of steam in a high pressure engine be 
120 lbs., or ISSlbs. above Ihe atmosphere, then the resistance occasioned 
by the atmosphere will cause a loss of ^Ih of the power. If the pressnre 
of the ateam in a low pressure engine be 16 Ibe. on the square inch, or 
II lb. above the atmosphere, and tbe tension of the vapour in the condciiser 
be equivalent to * inches of mercury, or £ lbs, of pressure on the square 
inch, then Ihe resistance occasioned by this nre vapour will also canae a 
loas of |th of Ihe power. A high pressure engine, therefore, with aprewure 
of 105 lbs. above the atmosphere, works with only Ihe same loas from re- 
sistance to Ihe piston, as a low pressure engine with a pressare of 1 lb. 
above Ihe atmosphere, and with these proportions the power produced by a 
given weight of steam will be the same, whether Ihe engine be high presaure 



Soma of the more prominent cantet of boiler cxploaiona have been 
already enumerated ; bnl explosions have in some eases been attributed to 
the spheroidal condition of the water in the boiler, consequent upon the 
flues becoming red hot from a deficiency of water, the aceumuladon of 
scale, or otherwise. The attachment of scale, ftam ila imperfect conducting 
power, will cause tbe iron lo be unduly heated ; and if the scale be acci- 
dentally detached, a partial exploaion may occur in consequence. It U 
found, thai a sudden disengagement of steam does not immniiately follow 
the contact of water with the hot metal, for water thrown upon red-hot 
iron is not immediately converted into steam, but assumes the spheroidal 
form and rolls about in globules over Ibe sur^ce. These globnlet, how- 
ever high the temperatare of Ibe metal may be on which they are placed, 
never rise above tbe temperature of S05°, and give off but very little 
steam I bat if the temperature of the metal be lowered, Ihe water cease* to 
retain Ibe spheroidal I'orm, and comes into intimate contact with the metal, 
whereby a rapid disengagement of steam takes place. If water be ponred 
into a very hot copper fiask. Ihe flask may be corked up, as there will be 
scarce any steam produced so long as Ihe high temperature is maintained i 
but so soon ai the temperature is suffered to &11 below 350° or 400°, the 
spheroidal condition being no longer maintainable, steam is geneimted with 
rapidity, and the cork will be pr^ected f^vm the mouth of the flaak with 
great force. In a boiler, no doubt, where there is a considerable bead ti 
water, the repellant action of the spbenndal ^bole* will be more efleetuallj 
connteracied than in the small vessel* employed in experimental icaewchea. 
But it is doubiful whether in all boilcn there nuy oot be something oT tho 
spheroidal action perpetoally in operation, and leading to effitel* at present 
my slerions or inexplicable. 

One of the most singular phenomena attending the tphenidal conditkMi 
is, tbot Ihe vaponr arising Awn a spheroid is of a fiu" higher temperature 
thao the spheroid itself. Thus, if a thermometer be held in the atmosphere 
of vapour which sorronnds a spheroid of water, the mercury instead ut 
standing ol 305°, a* would be the case if it had been immersed in the 
spheroid, will rise to a point determinable by the temperature of the veaael 
in which the spheroid exists. In the case of a spheroid, for example, 
existing within ■ crucible raised to a temperature of 400°, the thermometer, 
if held in the vapour, will rise to that point ; and if the crucible he made 
Ted hot Ihe thermometer will be bunt, IVom the boiling point of mercuij 
having been exceeded. A part of this effect may, indeed, be traced ta 
direct radiation, yet it appears indisputable from the experiments whicli 
have been made, that the vapour of a liquid sphertud ia mucb bolter than 
the spheroid itselt 



In Ihe well-known steam vessels Her Majesty and Royal Consort, the 
boilers supply a pair of engines with steam, the cylindeiv of which are 65 
inches in diameter, and the stroke 5 feel 6 inches, There are fiiur boilen 
in each vessel fired at opposite ends. 13 inches separate in the direction of 
the vessel's length, and S feet 6 inches asunder athwart-shipa, The flaca 
of the foar bailers join ao as to form the foot of the fdnneli which ia 5 feet t 
inebt* in dimeter. , The wuer-spaee U tbe inner aide of tnch boiler ii 
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■ko secured by fonr two-inch bolts. Each boiler has three fbraaces, the 
centre one being 2 feet 2 inches wide, and the side ones 2 feet 4| inches on 
the oatside, but widening within to 2 feet 4 inches and 2 feet 6 inches 
respectively. This is a very well secured boiler, bat it would be an im- 
provement if the tubes were placed at a slight inclination, in order to faci- 
litate the passage of the smoke. 

The durability of boilers is affected by many circumstances, the more 
prominent of which it may be expedient to enumerate. In marine boilers 
the steam-chests and the ash-pits of the furnaces are the first parts to give 
way. The outside of the *steam-chest is worn away by the dripping of 
water from the deck, and the inside by the action of the steam, while the 
wear of the ash-pits is chiefly attributable to the practice of wetting the 
ashes and quenching the fires with salt water. The action of the steam 
upon the interior of the steam-chest is most capricious, some parts being 
worn away rapidly, while other parts are uninjured, and the parts most 
rapidly deteriorated in one boiler are often untouched in another. The 
iron of the steam chest, however, as a general rule most rapidly worn away 
in those boilers in which scale is permitted to accumulate, which may 
perhaps be from the extrication of muriatic acid from the salt Painting 
the insides of boilers b not of much use as a preservative from corrosion, 
and is sud to induce priming ; but we think a whitewash, if it may so be 
termed, of Roman cement applied in several successive coats to the interior 
oi the steam-chest, would be found to be an effectual preservative of the 
iron in that situation. For protecting the outsides of boilers we know of 
no more effectual method than felting them and covering them afterwards 
with sheet lead that is soldered wherever there is a joining. The appli- 
cation of felt, however, to the outside of boilers has in some cases been 
found to accelerate their corrosion in the inside ; but the inside corrosion 
may be obviated by the application of the Roman cement 

Steam-pipes, whether made of iron or copper, are attended with practical 
objections. Malleable iron pipes become rapidly corroded by the passage 
of tiie steam, and large flakes of hard rust are carried into the valve and 
cylinder, where they work much damage by scratching into ruts the 
surfaces that ought to be steam-tight. Copper steam-pipes have a galvanic 
action upon the cylinder faces and the valves, by which the iron is worn 
away or turned into plumbago. Copper pipes, however, are upon the 
whole less objectionable than pipes made of iron, and should obtain a pre- 
ference, though we think it likely that the recent reductions of the duty 
on glass will lead to the manufacture of pipes enamelled on the inside, 
which will be greatly superior to those now in use, as they will obviate the 
evil of corrosion. 

All tubular boilers should be provided with a self-actmg contrivance for 
muntainingthe feed, and this contrivance should be put in connexion with a 
small engine whose function it is to supply the boilers with water. By 
Ais exp^ent the water level mav be maintained at its proper height, even 
when the engine is stationary, without having recourse to the laborious 
operation of pumping by hand. In a steam vessel a small engine may be 
applied to a number of useful purposes, besides that of feeding the boiler, 
such as raising the anchor and tnmsferring the coal fh>m one part of the 
vosel to another. 

We have long been of opinion, that although there may not be much 
prospect of increasing the economy of the present steam engine by obvi- 
ating sources of waste not yet recognised, yet that the steam engine is not 
the best conceivable instrument for obtaining the mechanical power due to 
a certain quantity of heat It is only where two different temperatures 
subsist that mechanical power can be realised, and the farther removed 
Uiese temperatures are from one another the greater the resulting power 
must be. That instrument will therefore realise the greatest meclmnical 
effect fh>m a given quantity of heat, which may be worked with the 
greatest extremes of temperature ; and if steam could be employed for 
working an engine as hot, or nearly as hot, as the fire by which it is 
generated, the true mechanical effect due to the heat employed would be 
obtained ; but as this obviously cannot be done, there is a loss incidental 
to the use of the steam engine which other contrivances may be invented 
to avert In any case that we can imagine there must be much difficulty 
in dealing with the high temperatures this principle appears to prescribe, 
bat the principle does not make high temperatures imperative, but merely 
great differences of temperature ; and very low temperatures may not 
present the same impediments as very high ones. It is not by steam, 
however, that the benefits due to great differences of temperature are 
likely to be realised, but by some other agent, that will be better adapted 
to tiie new circumstances in which it is placed. 

Surcharged steam, — Surcharged steam is steam to which an additional 
dose of heat has been given after leaving the water, and its temperature is 
therefore higher than is represented by its elastic force. If from ordinary 
steam any part of the heat be abstracted, a portion of the steam must be 
condensed, but some of the heat may be abstracted from surcharged steam 
without occasioning condensation, and it is therefore spoken of as over- 
charged with heat, or in other words possessed of more heat than is requi- 
site for maintaining the vaporous form. Much difference of opinion exists 
as to whether the use of surcharged steam in steam engines is beneficial. 

The principle we have just mentioned appears to favour the notion that it 
is; but the general impression among engineers is, that the use of surcharged 
steam is attended with no advantage. We concur conditionally only in this 
belief; and as some vindication of our nonconformity, we shall here give 



fi-om the Artizan some computations which favour the impression that 
surcharged steam is productive of an economy in fuel : — 

(1.) When air is heated it expands, and the increments of volume are 
proportional to the increments of temperature. Every increment of 1^ in 
temperature produces an increase in volume of ,J[gth part of the bulk of the 
air at 32®. This rule has been found to apply to steam out of contact with 
water. 

(2.) The specific heat of steam out of contact with water is in this case 
supposed to be inversely as its specific gravity. The specific heat of steam 
at212<^«-847. 

From these data we may determine the amount of the saving by using 
the steam surcharged with heat after leaving the boiler. The subject may 
be investigated as follows ; and we may suppose the temperature of the 
steam to be 212®: 
Let ^B temperature to which the steam is raised out of contact with 

water. 
Let ssmean specific heat of the steam between the temperature 212^ 

and^'. 
Let OS' the volume of steam at the temperature f, the volume at 212® 

being 100. 
Let xsthe volume of the same weight of steam at 32®, supposing that it 

could be cooled to 32® without condensing. 
Let Asheat required to raise 100 volumes of steam fVom 212® to t. 
Let 6 => weight of water in 100 volumes of steam at 212®. 
Let csheat required to raise the temperature of a quantity of water ( «6), 

1 degree. 
Let A'nheat required to generate, firom water at 60®, a quantity of steam 
equal in volume to o— 100. 

From (1) we have* + x x^(212-32)«100; or,since ^«'002083 

x + x X -002083 X 180-100/.x(l + •S7494)«10a 

100 






1*37494 



From (1) also we get o^ 100 + x x *002083 (<'-212), which by substi 
tuting the value of x previously found, becomes 



o»100 + 



-2083^-212) 
•37494 



Since the specific heat of steam at 212° is *847, and since we have sup- 
posed it to vary inversely as the specific gravity 100 : v:: -847 : specific 

*847 V 
heat at the temperature f, which is therefore ~^qq~; hence we have 



847 o 



100 
Or, substituting the value of v, 



+ •847 



)■■ 



<■ 



847 + 



.•847-t 



001764 (1^-212) 
1-37494 

000882 (f-212) 



+ -847 ) 



1-37494 

But As(t'— 212®). t. c, which, by substituting the value of «, becomes 

r .^ X 000882 (f- 2 12)«1 
A^|.847 (l'-212)t 1.37494 J''' 

Now the addition to the volume of steam produced by heating it fW>m 

*2083 rf'^'212) 
212® to I'-©- 100= ^.gy^Q^ — -, and the water in an equal volume 

may be found by this proporUon. 

•2083(r'-212 -002083 (/'-212) .6 . . ^ 

100 : *::— 1:3^94- '' r37494 •" ^^*«^* ^ "^^"^ 

in a quantity of steam whose volume is at 2 12® v - 100. Hence, supposing 
the latent heat of steam to be 1000®, we have 

002083 (r'-212) 2-3954 (<'-212) .c 



A«(1000+150)'cx PS7494 ■" 



1-37494 



Now, since A » heat required to produce an additional volume of steam 
equal to o — 100 by heating the steam out of contact with water, and since 
h' equals the heat required to make the same addition to the volume of the 
steam by generating it from water, it follows that the saving of heat by 
using the former method ishf—h, 

2-3954 ((^-212) .c f -000682 «^. 2 12y "I 

^ r37494 I ^^ C<^-212)+ ^.3^^^^ J- .c, 

which, reduced, 

1-2308 (<"- 212)— 000882 ((-212yx 
- 1-37494 

The weight of water in steam equal in volume to v at 212^ is evidently 

B 



I. T^, comequentlj the heat reqnired to generate from nsteT itetm eqnat 
a yolmne to », ii 6 rrr^, ~T~e, vhleb, bj tabitilating the value of &, 



/ 00883 (<' -ai2) \ 
"\ ' * 1-37494 j' 



leiteam equal in 



which, being rednced, gives the whole heat required 
volume to d Srom wuer 

-1S81-18H- 3395 4 (C-aia) 

1-37494 ■''■ 

CoDieqaeoIty b; this formula the heat saved is expressed in parti of the 
whole heat a»ed in generating tteain in the usual waj, 

*'~*-iS8i-i8i-t-2-39S4<c-aiaj ■ c ^J ""'"^rati™ i*™"'^ 

1-2308 (l'-aia)t0Q0BB3 Cf- 312}* 
15S1-181 -f 2-3954 (f-2ia) 

If the neam be heated to 600°, then I' - e00°, and the formula in such 
cue givei the saving equal to y^ of the beat used, or fuel couEumed in 
the common «a;. In a similar manner the saving ma; easily be calculated 
for any olber value of f*. 

The preceding investigation is founded on the assertion that the tpecl£c 
heat varies inversely as the temperature -, sod supposing such to be the case, 
the saving resulliDg from heating the steam (o 600° aAer leaving the bailer 
would be about jth of the whole fuel used. We shall next suppose that the 
specific beat dou not vary with tbe temperaCnre. but that during expansion 
a certain quantity of heat becomes latent, in which case the sum of tbe 
tensible aud latent bests absorbed by the steam after leaving the boiler 
(its pressure being the same), multiplied by the specific heat, will give the 
actual quantity of heat added to tbe steam in very simple terms. 

From nameroos experiments by Leslie and Dalton, on (be heat or cold 
produced by air during compression or expansion. Ur. Leslie has deduced 
the fbllowing very simple formula: — 

If edenote the density of theair.theniS (^— A) will denote the num- 
ber of degrees of cold produced when (he air is rarefied to onity. or it will 
represent the heat thai requires to be added so is to keep the temperature 
unchanged during expansion. The latent heat of steam is about 1000°, 
wherefore tbe heat necessary to raise water from 60° into steam ia 1000° + 
15a= 1153°, Fahrenheit. Let us suppose, as before, that the steam afler 
leaving the water at the temperature oT ai9° is heated to 600°, and at the 
same time that its pressure remain* unaltered. As the specific heat of steam, 
as determined by tbe moat accurate eiperimenU, is -S47, that of water being 
1-000, the accession of heal necessary to raise steam from 213° (o 600° 
would be 338° if (here were no expansion or alteralion of volume ; 

for 1 : 388:: -847 : 328. 
Supposing the steam to be allowed to expand at the law of expansion is 
^ pan of its bulk at 33° for each degree of temperature (See Thomson 
on Heat, p. 9), 100 volui - — ' ' ' ' - - 



° become when heated ti 



448 + 



'Olfif 



practical adoption of any of the ptani propounded. Tbe foregoing inve*- 
ligation shows, clearly enough, that the amount of theoretical benefit to be 
expected troia the use of surcharged steam is not considerable, while the 
practical impediments are numerous and weighty. A boiler or other vessel 
habitually producing or transmitting surcharged steam, will, if made of 
iron, necessarily waste away rapidly by oxidation ; and, whether the steam 
be raised by sprinkling water over a hot plate, as was done by Howard, or 
be surcharged subsequently to ils generation by leading pipes filled with 
high pressure steam through it, as has latterly been attempted in France 
and elsewhere, a larger amount of expense and ioconveDlence will be in- 
curred than the benefit will be found to repay. 

ExpansioB. — We have already, at page 12, given some explanation of 
the principle of working an engine expansively, by which method we simwed 
a large economy of fuel may be realised ; and at page 25, we have given a 
table of hyperbolic or Neperian logarithms, for the purpose of facilJUling 
compulations upon this subject- 
Let the pressure of the steam in the boiler be expressed by unity, and let 
c represent the space through which the piston has moved whilst urged by 



the expanding steam. The di 



sity will then b 



and, assuming that the 



densities and elaaticities are proportionate, -r-- will be the differential of 
the efficiency, and the efficiency itself will be the integral of this, or, in 
other words, the Neperian logarithm of the denominator i wherefore the 
efficiency of (be whole stroke will be 1 +Ncp. log. (t -f i.) 

Supposing (be pressure of the atmosphere to be ISlbs., 1 5 + 35 » SO lbs., 
and if the steam be cut off at ^Ih of the stroke, it will be expanded into four 
times its original volume ; so that at the termination of the stroke in 
pressure will be 50^4-' 12-2 lbs., or a-S lbs. less than (be atmospheric 
pressure- 
When the steam is cut off at one fourth, it is evident lhalj^-3. In such 
case tbe efficiency is 

1 + Nep. log. (1 +3), or 1 + Nep. log. 4. 
The Neperian logarithm of 4 is 1-386294, so that theefficienc; of the 
steam becomes 3'3S6294; that is, by Cntting oH' tlie steam at J. more than 
twice the effect is produced with the same consumption of fuel i in other 
words, one half of the fuel is saved. 

This reaull may be thus expressed in words : — I>ivide the length of (he 
stroke through which tbe steam expands by the length of stroke performed 
with the full pressure, which last portion call 1 ; the hyperbolic logarithm 
of the quotient is the increase of efficiency dne to expansion. The nume- 
rical results are slated generally at page 12, but we here introduce nior* 
detailed tables computed by Boulton and Wall, to facilitate the computation 
of the power of an engine working expansively, or rather to supersede the 
necessity of entering into a computation at all in each particular case. 

EXPANDED STEAM, 

M»N PllEgBVRE AT DlFFEHENT DBHSITIEe AND SaTE OF ExPAKHON. 



___ +600-1048;""''* ■ "**8::™ ; 158-8 or 159. 
The deniity of the tteain when so expanded will be 
^-■6291 Ihereftire45l:^--639J ^tbeheat absorbed by air during 
ita expansion from 100 to 1S9 volume*, 
,./ 1 „ „\ /I -629'\ / 1 -lOietU 

"l^-*^" ) -"1^-^39 J -"U2"9-~^29~) - « *■""") 
= 36 025015 degrees. 

As the specific heatof steam, however, is greater (ban that of air. tbe beat 
necessary (o maintun the temperature of iteam during its expansion from 
100(0 159 volnraea will be 83°. For "2669 : 26:: -847 : 83°; therefore 
the total beat required to convert 100 volumes of steam into 159 volumes 
ii 1152° + 338° + 83° — 1562°, the pressure of the steam being supposed to 
be unaltered. 

To raiae 159 volumes of steam in the common way would require 
1831-68°. For 100: 1152::159 : 1931-68°; wherefore l831-68-l562i- 
270°>ithe saving resulting from the expansion of the steam hy heat afler 

it hu been generated, 1833 -{-370 -g:^ of the whole fuel used, instead of 

■z:^, a« determined by the previous method. 

Various expedient! have been introduced at different limes with (he view 
of supplying snreha^ed iteam for working steam engines, but the result of 
radi experimenU his not hitherto been nfficientl; enconrapng to lead lo the 
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Tht firrt colnmn Id each of the foregoinp tables containa the inilial 
prctmre of the slesm in pounds, and the remaining columns contain the 
mean pretsore of steam Ibroughout the atroke, -with the difii;rL-iiI degreea of 
ezpaniion indicated at the top of the columns, and vhich express the por- 
tion of the stroke during vhlch the steam acts expansively. Thus, for 
e>:anip1e, if *t^Bm be admitted to the cjliDder at a pressure of 3 pouods per 
square inch, aod be cut off vilhin Ith of the end of the atroke. the mean 
preaure daring the vhol« atroke will be 396 pounds per square inch. In 
like manner if ateam at the pressure of 3 pounds per square inch were cut 
off after the piston bad gone through |th of the stroke, leaving the sleam lo 
expand tfarongh the remainiog ]ih, the mean pressure duriog (he whole 
■trake voold be 1-164 pounds per square inch. 



It baa been already stated, that the friction of inm sliding upon hrau, 
»liich ha« been oiled and then wiped drj, aothatnofilm ofoilia inlerpooed, 
is about ^th ol the pressure ; but in machinea in actual operation, where 
there is a film of oil Iwlweeo the rubbing surfaces, the friction is only abnuc 
one-third of thia amount, or J,rd of the weight. The tractive resislunce of 
locomotivei at low speeda, which is eolirely made up of friction, is in some 
cues j^th of the weight ; but on the averuge about jjstb of the load, which 
nearly agrees -with my former stateraenL If thetolalfriclion be ^th of the 
load, and the rolling friction he pijii"' "^ ""c load, then the frjctioa of attrition 
must be ^th of the load ; and if the diameter of the wheels he 36 !□., and 
the diameter of the aslea be 3 in., wliich are common proportions, the 
miction of attrition must be incrMsed ia the proportion of 36 to 3, or 
13 times, to represent the friction of the rubbing inrfacv when moving with 
the velocity of the carriage, ^ths are about ,'jib of the load, which does 
not differ much from the proportion of ^t^ as previously stated. While 
this, however, is the average reault, the friction is a good deal loss in aome 
caiesi. Mr. Southern, in aome eiperimenla upou the friction of the axle of 
a grindsloue— ao account of which may be found iu the 65th volume of 
the Philosophical Transactions — found the friction to amouat to less than 
ith of the weight ; and Mr. Wood, in some experiments upon the friction 
of locomotive axles, found that by ample lubrication the friction might be 
made as little as Xlii of the weight, and the traction, wiili the ordinary size 
of wheels, would in snch a ease, be about jjjlli of the weight. The func- 
tion of lubricating substances is to prevent the rubbing surfaces from 
coming into contact, whereby abrasion would be produced, and unguents 
are effectual in this respect in the proportion of iheir viscidity ; but if the 
viscidity of the unguent be greater than what auXcea to keep the surfaces 
annder, an additional reaiatance will be occasioned; and the nature of the 
imguent aeli-cted should always have reference, therefore, to the aiie of the 
Tabbing surfaces, or to the pressure per square- inch upon them. With oil 
tbe friction appears to be a minimum when the pressure on the surface of 
a hearing ia alxnit 90 Iba. per square inch : [he friction from too small a 
SBriice increases twice as rapidly aa the friction fi-om too large a surface, 
added to which, the bearing, when tbe sur^ce is loo small, wears rapidly 
a»«y. 



engines to the performance of work previoosly accomplished by horsei, he 
found the necessity of some dynamical unit by which he might express the 
size of engine necessary in any particular case; and the average force 
exerted by [he strongest Ixindon horses, amounting to 33,aUD lbs., raised 
one foot high iu the minute, was then adopted, and has since been retained. 
The efficacy of engines of a given size, however, has been so much increased 
since Air. Watt's time, that the dimensions acsverable to a horse power 
then, will raise much more than 33.000 lbs. one foot high in the minute 

longer convertible terms. In some engines every nominal horse power 
will raise 53,000 lbs. one foot high in the minute, in others 60,000 lbs., and 
in others 66,000 lbs. ; so that an actual and nominal horse power are no 
longer comparable quantities, — the one being a unit of dimension, and the 
other a unit of force. Tbe actual horse power of an engine is ascertained 
by an instrument called an indicator, the alruclure and uae of which are 
explained at pages 170, and 247 ; but the nominal power is ascertained by 
a reference lo the dimensions of tbe cylinder, and may be computed by the 
following rule : — Multiply the square of the diameter of (he cylinder in inches 
by tbe velocity of the piston in feet per minut«, and divide tbe product 
by 6,000 ; the quotient is tbe number of nominal horses power. In n«Dg 
thia rule, however, it is necessary to adopt the apeed of piston prescribed 
b^ Mr. Watt, which varies wi[h (he length of the stroke. The speed of 
piston with a two feet stroke ie, according to hia system, 160 per minute ; 
with a 3 ft. 6 in. atroke 170; 311180; 3 ft 6 in., 189 ; 4 ft., 200; 5 ft., 
315; 6 ft., 228; 7 II.. 345 ; 8 ft., 356 ft. 

Ky ascertaining tbe ratio iu which the velocity of (he piston increase* 
with the length of the stroke, the element of Telocity may be cast out 
altogether ; and this for most purposes is the most convenient method of 
procedure. To ascertain tbe nominal power by tbia method, multiply the 
square of the diameter of the cylinder in inches by the cube root of the 
atroke in feet, and divide the praduci by 47 ; tbe quo^ot ia (he numberof 
nominal horses power of the engine. This rule supposes a uniform eflective 
pressure upon the piatDn of 7 lbs. per square inch i Mr. Watt estimated tbe 
effective pressure upon the piston of his 4 horse power engines at B-8lba. 
per square inch, and the pressure increased slightly with the power, and 
became G 94 lbs. per square inch in engines of lUO horse power; but it 
appears (o be more convenient to take a uniform pressure of 7 lbs. for all 
powers. Small enginea, indeed, are somewhat leas etfeclive in proportion 
than large ones; but (he difference can be made up by slightly increasing 
the pressure in (he boiler ; and small boilers will bear such an increase 

Nominal power it is clear cannot be transformed into actual power, for 
the Domioal horse power expresses tbe size of an engine, and the actual 
horse power the number of times 33,000 Iba. it will lifl one foot high in a 
minute. To find the number of times 33,000 lbs., or 528 Cubic feel of 
water, an engine will raise one fool high in a minute, ^-or, in other words, 
the actual power, — we firs( find the pressure in the cylinder by means of 
the indicator, from which we deduct a pound and a half of pressure for fric- 
tion, tbe loss of power in working the air pump, &c. ; multiply the area of 
(he piston In square inches by this residual pressure, and by the motion of 
the piston, in feet per minute, and divide by 33,000 ; tbe quotieni is the 
aclual number of horses power. The same result is attained by squaring 
the diameter of the cylinder, multiplying by the pressure per square inch, 
as shown by the indicator, less a pound and a half, and by (he niodon of 
the piston, in feet, and dividing by 42,017. The quantity thus arrived at 
win, in tbe case of nearly all modem engines, be very different from that 
obtained by multiplying the square of the diameter of the cylinder by the 
cube root of the stroke, and dividing by 47, which expresses tbe nominal 
power ; and the actual and nominal power must by no means be confounded, 
as they are totally different things. The duty of an engine is ihe work 
done in relation to the fuel consumed, and in ordinary mill or marine 
engines it can only be ascertained by tbe indicator, as tbe toad upon such 
engines is variable, and cannot readily be determined ; but in (he caae of 
engines for pumping water, where the load is conslanl, the number of 
strokes performed by the engine represents the duty ; and a mechanism to 
register the number of strokes made by the engine in a given time, ia ft 
sufficient test of the engine's performance. 

In high pressure enginea tbe actual power is readily ascertained by the 
indicator, by the same process by which the actual power of low pressure 
engines is ascertained. The friction of a locomotive engine when unloaded, 
is found by experiment to be about 1 lb. per square inch on the surface of (he 
pistons, aud Ihe additional friction caused by any additional reaiatance is 
estimated at about -14 of that resistance ; but it will be a sufficiently near 
approximation to the power consumed by friction in high pressure engines, 
if we make a deduction of a pound aud a half from the pressure on that 
account, as in the case of low pressure engines. High preaaure engines, it 
ia true, have no air pump to work ; but the deduction of a pound and a 
half of pressure is relatively a much smaller one where the pressure is high 
than where it does not much exceed the pressure of the atmosphere. The 
rule, therefore, for the actual horse power of a high pressure engine will 
stand thus: — Square the diameter of the cylinder in inches, multiply by 
the pressure of tbe ateam in the cylinder per square inch less 14 lbs., and 
by tbe speed of the piston in ftet per minute, and divide by 42.017 ; the 
quotient is the actual horse power. The nominal horse power of a high 
pressure engine has never been defined ; but it should obviously hold the 

K S 
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nine relation to tbe actoil power si that vhicli obtum in the cue of eon- 
densing engiDcs, lo that an engine of a given nominal paver may be 
capable of performing the nme vork, whether high preunre or condeniing. 
Thii relation u maintained in the following rale, which eipresaes the 
nominal bone power of high preuare enginea: — Multiply the square of 
tbe diameter of the cylinder in inchea by Che preasnre on the piston in 
pounds per iquare inch, and by the speed of the piston in feet per minute, 
and diTide tbe product by 120,000 ; the quotient is ihepowerof theengine 
in nominal horse* power. If the preaanre upon the piston be 80 lbs. per 
!_ .^ ijjg operation may be abbreviated by mnJtiplying the square 



however, it not representat 



is of the cylinder ; bulamlc 



fbr the nominal power of high prcisare engines which shall discard alto- 
gether the element of velocity, is easily eonslructedi and, as different 
pressures are nsed in different engines, the pressure must become an 
element in the computation. Tbe rule for the nominal power will therefore 
stand thus : — Multiply the square of the diameter of the cylinder in inches 
by the preasore on the piston in ponnds per square inch, and by the cube 
root of the stroke in feet, and divide the product by 9i0 ; tbe quotient is 
the power of the engine in nominal horses' power, the engine working at 
the ordinary speed of ISB times the cube root of the stroke. 

A inmmarj of the results anived at by these rules is given in the 
foUowiug tables, which for the convenience of reference we here intro- 
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CHAPTER IV. 



PARALLEL MOTION. 



Thb (bmi of pmllcl motion which hare b«iD used are >o TBrioos, that 
m iball not attempt to enninenile the vhole. In whit followi, bowcTer, 
«• ihall treat of those larieties that hare heen moet eommonl; adopted in 
land or marine enpn«i i ■ndindoingio.itwiUbeoarolyectbothtoexplun 
their principle* of action, and gi*e pisctical tuIu for calcDlating the lengthi 
of the varioni parts in eierj asugnable case. 

The fbims of paraLel motion that we shall disenss are four in nninber ; 
oo« adapted to land enginesi ■nd represented in^. 3; the others used for 
marine eoginea, and repraented in fig: *, S, 6. It will be found that all 
these different arrangements act on the same fnndamenlal principle ; and 
Ihercfiin, befbre gtung brther, we shall proceed (o explain it Let G C 
and H F be two levers moving ronnd centres at C and H, and connected 
tt^ether by the rod or link Q F. We shall suppose that C repreae nta ibe 
beam of an engine standing in a boriiontal position at half stroke. The 
rod H F represents the radius bar of the parallel motion, and at half stroke 
it muit be horiiontal, or parallel to G C. In tbe present case we shall 
snppMe it to be eqnal to G C in length. If the beam be made to torn on 
its centre, so as to eaose G to move towards G', tbe point E in the middle 
of the link O F will move upwards nearlj in a perpendicular line R' S', 
tnsecting the versine D K. This will be evident from the following con- 
sidenuiona: — As the point G rcTolves in tbe circle G G", the point F 
rerolve* with nearlj equal rapidity in the equal circle F F', Both points, it 
is evident, will, when the motion commences, approach nearer the line R'8' ; 
and since the circles F F' and G G' are of equal radius, and the area - 
described are nearly equal, the point F will move towards the line R' 8' 
at the same rate at the point O. Both points will craes that line at the 
same time, and both will respectively reach F and C simnltsneonsly. 
F* L wiU avidently be eqnal to G' K. Now, if the points F and G are 
always on oppoeite sides of the line R' S', and at the same distance from 
it, it is clear that the centre of the link E must always be in it j and, 
accordingly, this woold be mathematically true, if G F. by changing its 
inclination to tbe perpendicular, did not alter the perpendicular distance 
between the poinia F and G. This, however, it does ; and as the points G 
and F ascend the link, G F gets more nearly perpendicular ; thus increasing 
the perpendicular distance between G and F ; in consequence of which, at 
the point where F crouea the perpendicular W S'. it has not dcKribed 

S lite so large an arc as the point G ; or, when F is crossing R' S', (be point 
is still at a small distance from it. This renders the motion of the point 
E not perfectly coincident with the perpendicular line : but tbe shortening 
(rf the perpendicular distance between G and F, by (he vibration of the 
link Q F, when the length of tbe link is considerable, and tbe stroke of 
the beam not greater, in proportion to its length, than usually obtains in 
steam engines, is so exceedingly small as to be unworthy of the ilightest 
coosideralion in practice. At either end of tbe stroke the link G F will 
have tbe same inclination as at half stroke, and the point E will therefore 
be ezftctly in the perpendicular line R' S'. at both these points. Its motion 
will be represented by the cnrvedllne R' 08',^jrT, cntting tbe perpendicular 
at R', O, and 3*, and deviating from it by an almost imperceptible quantity 
at X and W. From the fact, however, of a deviation being caused by the 
vibration of tbe link G F, we may infer the propriety of making that 
vibration as small as possible; and one very obrious precaution to be 
taken On tbi* ground is, so to place tbe levers H F and G C at half stroke 
that the line R' 8' shaU bisect both their versines F L and D E. By this 
means the link G F vibrates equally on both udes of the perpendJcnlar, 
and, eoitseqnently, never deviates fttaa it lo much as if it were to vibrate 
in one direction during the motion of G to G'. It it not always con- 
venient to have tbe radius bar H P of tbe smne length as the beam G C : 
it is sometimes longer, and sometimes shorter. In Jig. 3 it is represented 
one half the length of G C. In this case, H F being shorter in proportion 
to tbe arc F" F F' , which it dtscribaa, tbe versine F L is of course greater 
than in tbe former case. The lever should still be so placed, however, 
that (be line R' S* bisects its versine L F. Owing to ibe inequality of the 
versines L F and G K. tbe middle point of the length G F can no longer 
move in the bne R' S' ; but there is a point E, nearer tbe end of the link G, ' 
that does move nearly in this line. This point is so situated, that G E : | 
B F : : F U ; O C. For wilhin tiie limits usually assigned to (be ares de- 



scribed hy engine-beami,^ the versinei are nearly in the inverse ratio of the 
radii; that it to say, ven. L F:*era.DK : :OCiH F. Now the vibrations 
of the points F and G on each ude of tbe line R' S' are equal to half the 
versed sines of the arcs described by these pointi respectively ; that is, to 
F/aod G g. Hence, F /: O g::G C : H F, and by similar triangle* 
F/:G^!:FE:GE; hence, F Ei G E :: G C : H F. 

As this proportion holds true at any part of the stroke, it proves that the 
point E, which divides the link in this proportion, moves in the perpendicular 
line RS'. Wheu, therefore, the lengths of the levers are given, it is easy to 
find the point E ; but in practice it generally happens (as will be shown nib- 
sequendy) that the point E is fixed : and we have to find H F, This will be 

donefivmthitpn>portion,FE:EO:;GC:HF'>^-^l|-^ (A). 

This proportion i* founded on the aaamnplion that the versed tine* of tbe 
beam' and radius bar are inversely as tbe radii This, though nearly true, is 
not exactly so. The versed sines of tbe smaller radii increase in a greater 
proportion than tbe inverse ratio of the radiu Tbe consequence of this ii, 
that the point E in (be link G F will be moved too much toward H, and 
will deviate from (he perpendicolar in that direction at each end of the 
stroke. In small engines, and when H F is nearly equal to G C, this devi- 
ation will be so small as scarcely to be worthy of notice ; but in large en- 
gines, and when there is a considerable difference between the lengths of 
the radius rod and beam, it will be of some consequence. From what has 
already been said, it will be observed that Ibe deviation is all on one side of 
the perpendicolar ; so that the curve described by the point E will be of the 
shape shown tnj!^. 8. By making a small addition to the length of tbe 
radius bar, we can make tiie deviation take place equally on each side of 
the perpendicular. We can add so much to its length as to make the 
point E move towards H loo slowly at half stroke ) or, in otber words, de- 
viate towards C till tbe beam has got about quarter stroke firom the hori- 
zontal position, when the point E will cross the perpendicular, and deviate 
to an equal amount towards II. The curve described by E will then be of 
the shape shown in Jig 9, where the deviations at m, n, o,^, are all eqnsl, 
and only half the deviation at r and i in the last figure, f To &cilitate the 
making of this correction in the length of the radius bar, we give the fol- 
lowing table of the amounts to be added to its length for the various pro- 
portions that may obtain between it and the beam C G. It is to be observed 
(00, that when the radius bar H F is longer than the beam Q C, these 
amounts are to be mblrmted ftom it« length. 

TABLE (A.) 



FR 
Thii column gives gg 

C G i* the greater, and 
when F H ii the greater. 


when 
CG 
FH 


Correction to be added to or 

length of the radius bar, in 
decimal parts of its calculated 
length. 




■9 

i 
1 
s 

5 
4 


■0034 
■0075 
-0163 
■OSTO 
■0453 
-0817 
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Parallel Motion. 



It will be observed that the greater the diflference between the lengths of 
the radius bar and beam, the greater is the amount of the correction to be 
made. As an example of the use of the table, suppose we have the 
length of the beam C G = 38 inches, and that the radius bar has been 
found by proportion (A) to be 1 5^ inches ; 15^-^38 is nearly *4 : we shall there- 
fore get for the corrected length of the radius bar 15^ + '0817 x 38 
»16'76 mches. The application of this correction to the length of the 
radius bar, will in all cases diminish the amount of the deviation from the 
perpendicular by one half; but it should be borne in mind that the 
parallel motion will work most accurately when the radius bar and 
beam C G are of the same length ; and they should therefore be kept as 
nearly equal as circumstances will permit 

The simple arrangement of two levers connected by a link, which we 
have now described, is sometimes used as a parallel motion ; but additional 
rods and connecting links are generally superadded, which render the 
application of the principle more convenient in practice. Fig. 3. represents 
the parallel motion in most general use for land engines ; and Jig. 4. a 
similar one adapted for marine side-lever engines. The general arrange- 
ment in both of these is the same, except that the marine engine motion 
has the reverse side uppermost We have marked all the corresponding 
parts in the two figures with the same letters, so that what we have to say 
of the one will refer equally to the other. In land engines, the radius bar 
H F is generally either equal to or longer than G C, the part of the beam 
which works it; while, in the marine engine motion, the radius bar is 
usually shorter than the part of the beam that gives it motion. This dif- 
ference is shown in the figures. Referring now to Jigs. 3 and 4., we shall 
explain the method of applying the principles we have already described to 
the calculation of the proportions of the several parts. D C is the beam or 
side lever moving on the centre C ; H F, the radius bar moving on the 
centre H, and connected with the beam by the rod F G. D P is another 
rod equal in length to G F ; and P F is a rod equal in length to D G. The 
three rods, therefore, D P, P F, and F G, with the part D G of the beam, 
form a parallelogram ; and the piston-rod is attached to the point P, which, 
at half stroke, is in the perpendicular line R S, bisecting the versed sine 
D K. When the engine is put in motion, this point P will move nearly in 
the perpendicular line R S. For, suppose the beam to be moved upwards 
into the position IK C, the point will then be in the position P', and the positions 
of the various other points are denoted by corresponding accented letters. 
Join C P and C P', and also E E', and we will have, by similar triangles, 
PE:EC :: DG:GC :: D'G'rG'Cand P'E'-.E'C :: IVG.G'C; 
hence, PE:EC ::FE':E'C. 
Therefore (Euclid vi. 2.) PF is parallel to EE'., Let the length of 

o o 4- F r* 

F H be made such, that HF= — — , and by equation A, the point E 

F E 

will move in a perpendicular line ; but P F having been proved to be 
parallel to the line E E' in which E moves, the point P must also move in 
a perpendicular line. Again, referring to equation (A), we have 

E F : E G : : GC : H F, but by similar triangles 
EF:EG :: FP:GC :: DGiGC 

G C* 
hence, DG : GC::GC : HF=j)Q .... (B). 

This equation will give us the length of the radius bar H F, when the 
length of C G is determined. In land engines the air pump is generally 
wrought from the point E, and the centre G is fixed so as to be roost con- 
venient for that purpose. Formula (B), is therefore very useful for de- 
termining the proper length of the radius rod in such cases. In marine 
engines, however, the position of the centre H of the radius bar is generally 
fixed from other considerations, and it becomes necessary to find at what 
point the centre G should be placed, so as to make P move in a perpen- 
dicular line. 

To enable us to determine this. 
Let HF + GC = a« the horizontal distance of the centre • H, from the 
main centre, plus half the versed sine of the arc, described by the ex- 
tremity D of the beam 

DG + GC, orDC«6 
then, GC=a-HF.-.DG=6+HF-a 



hence, (B) 



HF=- 



(a-HF)» a» + HP-2a.HF 



6 + HF-a -" b^ + n¥-a 
.•.HP + HF(6-a)=-a«+HP-2a.HF 



linei only when | ven « ii indefinite! j small In comparison with r ; and that, by any increase 
of the versed sine (^ s* t>eing always constant), the radius diminishes in a less ratio than the 
versed sine increases, and vice versa, Or course the converse of this is true also ; that, if 
the radius be diminished, the versed sine increases in a greater ratio, and vice verset. 

When the beam is just leaving the horizontal position, the versed sine is indefinitely 
small in comparison of the radius; and therefore, at this point, the versed sine of the beam 
and radius bar will be inversely as the radii ; and H F, as determined by equaUon (A), will 
be correct for this part of the stroke. At either end of the stroke, however, it ought to be 

, ^ versed sine D KGC „ , ^ ^ ^ ^ 

equal to — ^^rsed sine F L — * ^^' " *' cannot have both these values, the nearest 

approach to accuracy we can make is, to make its length intermediate between theM two. 
The corrections in the Table are computed on this principle. 

• If a perpendicular H M be let fall from H on D C, M C will be the horisontai dutance 
of the centre H, from the main centre; and since F G is parallel to P D. it is evident that 



HF = 



a' 



b-i-a 



""^•"'-QF + GC + DC 



(C) 



This equation will give us the length of H F ; and to get G C, we have 
GC = a-HF (CO 

These three equations therefore, (B), (C), and (C) enable us to cal- 
culate' the proportions of this form of parallel motion in all circumstances. 

In Jigs. 5 and 6, two other forms of parallel motion in common use for 
marine engines are represented. In^^. 5. the radius bar, instead of being 
connected as formerly to the crosshead, is connected by the rod F Q to the 
side rod by a pin at Q. F Q is made equal, and parallel to G D ; and F G 
equal, and parallel to Q D. In Jig. 6. the centre H of the radius bar is 
placed much farther from the main centre. It may be on either side of 
the piston rod, as is found most convenient. In this motion, too, the end F 
of the radius bar is connected by a pin to the upright rod G V. The rod 
G V is made equal and parallel to the side rod D P, and the rod P V is 
made equal and parallel to D G. 

To enable us to investigate the method of calculating the lengths of the 
parts in these motions, jom as before C P, and C P', and from the point T 
where C P cuts F Q in.%. 5. or H F in ^. 6. draw T T' parallel to D P. 
These lines being drawn in both figures, the following investigation will 
apply to either : — 

L€tDC«i«CG + GT' + T'D 
PQ« e 
FH « r 
PD = « 
GC-t-FHaaBthe horizontal distance of H from the main 



s 



centre + (J versine arc D' D D" x 

It may be proved in the same way, as for Jig. 4. that the point P mores 
in a line parallel to that described by the point E, so that the inquiry re- 
solves itself as before into an investigation of the relative lengths of C G, 
and F H, that will cause the point E to move in a perpendicular line. Let 
us suppose, first, that the height of the centre H of the radius bar, and 
consequently the height also of the pin Q, is fixed, and that the point G, or 
the length of C G, is .also determined. It is required to find from these 
data the proper length of H F. By equation (A) we have 
CG:FH:: FE:EG, but by simUar triangles FT:GC :: F£:£G; 

GC GC* 
hence, TF : G C::C G : F ^'^jY'^TG 

but, T' G = C T' - C G, and by similar triangles 

DCQD 6(«-c) 



DP:QD::DC:CT' 



hence, T'G = 



b («-c) 



-CG = 



DP * 

6(*-c)-*-CG 



s 

G C ' 8 

Again, if the length of GC is not given, but the positions of the 
centre H, and the pin Q are fixed, let it be required to find the lengths of 
H F and G C. We shall have the same as above 

GC (a-ry 



FH = 



T'G T'C-a + r 
(a-ry 



^''•-T'C^Tr 
r(T'C-a + r). 
.•.r(T'C + a) 
a* 



a« + H-2a« 



T'C + a 



But it was shown above that T' C = — 



b (f-c) 



hence 



a* 8 



r =a- 



(E). 



a« + 6(*— c) 

This equation will give the length of H F, and to get G C we have 

GCo:a-r .... (EO 

Again, suppose that the lengths of the levers H F and C G, and conse- 
quently the horizontal distance of the centre U fh>m the main centre are 
given. Let it be required to find the height of the centre H and point Q 

From equation £ we get 

a s ' r +6(*— c) • rs^a* s 

,\ air-^br8—brc-^a*M 
/. br^c^ssasr + brs—a* s 



* I versine of arc D' D D"x~-- is the excess of the dltUnce of the point D, from the 

line R S, over the distance of the point Q from the same line. Comparing this with the 
last note, the correctness of the ^s-ue given above to a will be erldeot. 



Parallel Motion, 



^ 



e ■■— 



ar f-\-hr»—a^ B (ar-^hr—c^t 



br 



br 



OP.c- ^ da 



(F.) 



It may be observed that, if c in formalas (D) and (E), ig taken equal to 
nothing they become the same as formalas (B) and (C). 

Havmg now invesHgated formulas for calculating the proportions of all 
the parallel motions we proposed to examine, we shall conclude by col- 
lecting these formulas together for the greater convenience of reference, 
and subjoin practical rules deduced from them for the use of those who 
prefer rules to algebraic formulas. 

The sum of the lengths of the radius 
bar, and the part of the beam (C G) 

which works, it - - - csa » Horizontal distance of the 

centre of the radius bar (H) 
from the main centre, plus 
* half the versed sine of the 

arc described by extremity 
of the beam (D) 



Radius of side lever or engine beam, 

(DC) -5 

Length of radius bar - (UF) sy 
Length of side rod - (P D) ^a 

Part of side rod above the centre of 
radius bar - - • (PQ) «^ 

Part of connecting link intercepted 
between the beam and the point E 
(GE) .-...«/, 

The remaining part of the connecting 
link - - - (FE) =/>' 

Length of that part of the beam that 
works the radius bar (GC) ^r* 



r =s 






Fi§s. 1 and 2 . . • (K) 





Fig. 1. 



Fig. 2. 




Fig,^ 



im 






r=»~i 



6 + a- 



Parallel Motion. 

2^1^. 3 and 4 . . , (6) 

jFi^*. 3and4 . . . (C) 
Fi^*. 3 and 4 ... (C) 
J"^*. 5 and 6 (D) 



•r'* 



a» M 



as-^ b (« — (c) 
^r^mma—r 

(a + b)r—af 
•Cwm i^- « 



Ore 



br 
a— ( 



(-T?) 



« 



Figs. 5 and 6 (E) 

i^i^«. 5 and 6 ... . (W) 

Fiyt. 5 and 6 . . . . (F) 



Fig, 4,. 




Rule L — In nich a combination of two levers as is represented in Figs, 
1 and 2, to find the length of radius bar required for any given length of 
lever C G, and proportion of parts of the Unhj GE and F£, so as to make 
the point E move in a perpendicular line. 

Multiply the length of G C by the length of the segment G E, and 
divide the prodnct by the length of the segment F R The quotient is 
the length of the radins bar. 

Rule II. — CFig, 2.) The length of the radius bar and of CG being given, to 
find the lengUi of the segment (FE) of the Unk next the radius bar. 

Multiply the length of C G by the length of the link G F, and divide the 
prodnct by the sum of the lengths of Uie radius bar and of C G. The 
quotient is the length required. 

Rule III.— (Figs, 3 and 4.) To find the length of the radius bar (FJB), 
the length of CG being given. 

Square the length of C G, and divide it by the length of D G. The 
quotient is the length required. 

Rule IY.— (Ft^«. 3 and 4.) To find the length of the radius bar, the 
horizontal distance of its centre {H)from the main centre being given. 

To this given horizontal distance, add half the versed sine (D N), of the 
arc described by the end of beam (D). Square this sum. Take the same 

* In fonnnlu (E) (E') asd (F) a is to be taken equal to the horixontal dfitanoe of H 

from the main centre, + ( | vert arc D' D D")c^ ). In formula (F) the value of—*' 

cannot be accurately ascertained tiU the ralue of c has been calculated; but it can easily 
be taken bj approximation, with suiBcient exactness for the practical application of the 
formula. 



sum, and add to it the length of the beam (C D). Divide the square pn^ 
viously found by this last sum, and the quotient is the length sought. 

Rule V. — (Figs. 5 and 6.) To find the length of the radius bar, C G and 
P Q being given. 



Square C G, and multiply the square by the length of the side rod (P D) : 
call this product A. Multiply Q D by tiie length of the side lever (C D). 
From this product subtract the product of D P into C G, and divide A by 
the remainder. The quotient is the length required. 

Fig. 6. 



• • 
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Bplb VL— (J^ 6 and 6.) To find the kngA of the radhu bariPQ, 
and the honzontal distance of the centre H of the radiue bar from the 
main centre being given. 

To the given horizontal distance, add half the versed sine* (D N) of the 
arc described by the extremity (D) of the side lever. Square this sum and 
multiply the square by the length of the side rod (P D). Call this product 
A. Take the same horizontal distance as before added to the same half 
versed sine (D N), and multiply the sum by the length of the side rod (P D) : 
to the product add the product of the length of the side lever C D into the 
length of Q D, and divide A by the sum. The quotient will be the length 
requred. 

When the centre H of the radius has its position determined, rules 
4 and 6 will always give the length of the radius bar F H. To get the 
length of C 6, it will only be necessary to draw through the point F a line 
parallel to the side rod D P, and the point where that line cuts D C will be 
the position of the pin G. 

In using these formulas and rules, the dimensions must all be taken in 
the same measure ; that is, either all in feet, or all in inches ; and when 
great accuracy is required the corrections given in Table (A) must be 
added to or subtracted fW>m the calculated length of the radius bar, 
according as it is less or greater than the length of C G, the part of the 
beam that works it. 

Examples. 

1. Rule 4. — Let the horizontal distance (M C) of the centre (H) of the 
radius bar from the main centre be equal to 51 inches ; the half versed sine 
D Nb3 inches, and D C«0l26 inches. Then by the rule we will have 

(51+ ay (54)« 2916 

61 + 3 + 126* 180 " 180 '•^^*^"*^'^^ 

which is the required length of the radius bar (F H). 

S. Rule 5. — The following dimensions are those of the Red Rover 
Steamer: CG^32 DPb:94 QD«74 C D«65 PQ»20 

By the role we have, Ab(32)* x 94 «> 96256 and 

96256 96256 

74 X 65-94 X 32 1802 *' 

which is the required length of the radius bar. 

8. Rule 6. — Take the same data as in the last example, only supposing 
that C G is not given, and that the centre H is fixed at a horizontal dis- 
tance from the main centre, equal to 83*5 inches. Then the half versed 
sine of the arc ly D D" will be about 2 inches, and we will have by the 
role 

A» (83-5 + 2)* X 94 •705963-5 and 

A 705963-5 . , 

9 54*8 mohes, 



85-5x94 + 65x74 1284-7 

the required length of the radius bar in this case, 

CG 
In both of the last two examples g-p • -6 nearly. The correction fbund 

by Table (A), therefore, would be 54 x -027asl -458 inches, which must be 
subtracted from the lengths already found for the radius bar, because it ia 
longer than C G. The corrected lengths will therefore be , 

in example 2 .... F Hb51.94 inches, 
in example 3 .... F H«53'34 „ 

PBOFOmTIONS OF THE DIFFERENT PARTS OF A STEAM ENOINS. 

In constructing the different parts of a steam engine, and indeed of an 
other machine, it is desirable that they should be as light as is consistent 
with a due provision for safety, and with a due provision against the risk 
of accidents. The heaviness of the different parts brings along with it 
a corresponding amount of friction, and a corresponding amount of inertia, 
both of which must be overcome by the motive power before the machi- 
nery can be set in motion, and consequentiy before any useful effect can be 
derived from it It is obvious, therefore, that the weight of the different 
parts of the engine is, to a certain extent, an evil, which can only be tole- 
rated because it is the necessary concomitant of tiieir strength, and conse- 
quentiy of a due provision against the risk of accidents. It is therefore 
desirable to reduce this evil as far as is consistent with that due provision 
which we have mentioned. We would not be understood to ii^er from 
these remarks, that the different parts of the steam engine should be con* 
stmcted just of sufficient strength to resist the strains to which they are 
suljected. If this were to be the constant aim of an engineer who is con- 
versant with the laws which govern the resistances of beams, we have no 
doubt but that the sarcastic remark, " the stability of the engine is inversely 
proportional to the theoretical skill of the engineer," would often be made. 
What we would be understood to infer is, tiiat the strength of the Cerent 
parts of the engine ought to be proportioned to the strains to which tiiey 
are sntjected. If one part of the en^ne be occasionally exposed to a strain 
doulde that of some o^er part, then it ought to have double the strength ; if 

• If ffrwt aeearacy If required, In place of D N In tbU rule take D N multiplied by D Q 
sod div Wi ed bj P Q. 



triple^ triple ; if quadruple, quadruple } ftc If we suppose the former jpart 
to have only j the strength of the latter, then, on the supposition that it ia 
suljected to a double force, ) of the strength of the latter is useless, at least 
in so &r as regards exposure to accidents ; on the supposition that it is 
subjected to a triple force, ) of the strength of the latter is useless ; on the 
supposition that it is subjected to a quadruple force, | of the strength of the 
latter is useless : and generally, on the supposition tnat it is subjected to a 

force m times as great, » ^ of the strength of the latter is nselesi. 

These are obvious ; for, on the first supposition, the former would break 
when only \ of the strength of the latter was required, leaving the remain- 
ing ]th useless ; on the second supposition, the former would break when 
oidy i or } of the strength was exerted, leaving I — } or J useless ; on the 
third supposition, the former would break when only } of the strength of 
the latter was exerted, leaving 1 — ] or | useless; and on the general sup- 
position, the former would break when only —^ of the strength of the latter 

was exerted ; leaving 1 -j^ or ^^^» ''^^c^ would never be called into 

exercise. This superabundant strength is not merely useless ; it is posi- 
tively prejudicial, inasmuch as it brings along with it additional expense, 
and, what is more serious, an unnecessary and prejudicial weight We 
tiierefore proceed to investigate the proper strength for some of the prin- 
cipal parts of the engine. The investigation will depend upon those laws 
which regulate the resistances of beams to fracture, to compression, to ten- 
sion, to torsion, &c These laws, we may observe, are derived from theory, 
and abundantiy confirmed by experiment, so that we have no doubt witii 
respect to them. In their application, however, a difficulty occun in deter- 
mining the proper values of the constants, which vary for different mate- 
rials or even for different qualities of the same material, and which can 
only be determined by numerous experiments. It is obvious, also, that the 
proper strength of the different parts depends principally upon the pressure 
exerted in the cylinder upon the piston ; and this depends upon the dia- 
meter of the cylinder and the pressure of the steam in the boiler, or rather 
the greatest power which it may acquire before escaping at the safety 
valve. The proper strength of some of the parts also depends upon the 
length of the stroke ; as, for example, in a marine enginei the diameter of 
the paddle shaft journal, and the exterior diameter of the lar^ eye of the 
craiJc, &c We may remark, that the parts of marine engines ought in 
general to possess a greater strength, since accidents with them are more 
serious and more difficult to repair. 

Before proceeding feurther, it may be necessary to give a few general 
propositions upon the resistances of solid materials to different sorts of 
strains. 

A piece of solid matter may be exposed to four different kinds of strains, 
which are different in the manner of their operation. 

I. It may be acted upon by a tensile fbrce, which tends to pull it 
asunder ; as, for example, in the case of ropes, stretchers, king-posts, tie- 
beams, &c ; or, in a steam engine, the piston rod of a single-acting engine, 
the connecting rod, &c. 

IL It may be acted upon by a force which tends to break it across ; as 
in the case of a joist or lever of any kind ; and, in a steam engine, the 
crank, the main beam, &c. 

III. It may be acted upon by a fbrce which tends to wrench or twbt it ; 
as in the case of the axis of some wheels, &c. ; or, in a land engine, the 
shaft of the fly wheel ; or, in a marine engine, the paddle shaft 

IV. It m^y be crushed, as in the case of pillars, posts, and truss beams ; 
and, in a steam engine, the piston rod when it is a double-acting engine, 
parallel motion rods, air pump and force pump rods, and the like. 

Each of these forces is resisted by the cohesion of the material, differ- 
entiy modified for the particular species of force. When they are increased 
to a certain extent the fbrce of cohesion is so far overcome as to allow the 
material to take a new shape ; for example, when a beam is subjected to a 
considerable transverse force it is often observed to take a curvilinear 
form. If the applied force be not increased above a certain limit, then, 
immediately upon its removal, the beam resumes its former shape ; but if 
the applied force be greater than a certain limit, then, although it be 
removed, the beam does not resume its former shape, but takes permanentiy 
a shape different firom its original one. The beam is then said to have 
taken a ** set;" and it is remarkable that after a beam has once taken a 
set it cannot resist so great a force as previously without undergoing per- 
manent derangement These remarks are not confined to those materials 
of which beams are usually constructed — they are applicable to all sorts 
of material If we take a quantity of clay, and form it into a rod, and 
apply to the rod a tensile force, then the tensile fbrce will stretch the rod ; 
but ir it be not greater than a certain limit, upon iU removal the rod will 
resume its former length : if; however, it be greater than a certain limit, 
the rod will take a length different firom its original one. The same 
process may be renewed, and tiie rod will take up a series of sets, each set 
requiring a smaller force to canse permanent change than the previous 
one. The force of cohesion varies fbr different materials, and is constant 
for the same material ; or, we should rather say, it is constant fbr the 
same quality of the same material Its efficacy in resisting an applied 

S 
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It a Ibrce one half tbu which aoother 
beam, of the ume msterul and of the tune qnasUij of material, bnl of a 
different shape, will reaot It« efflmcy alio depends upon the maimer of 
appljing the force ) that u to uy, whether it ia applied u a teniile force, 
or Bi a cnuhing force, or as a breaking force, or a» a twining force : thoa, 
a beam may resiat a force of SO cwt when applied a» a teonle foree, and 
not be able to reeiM a force of 1 cwt. when applied as a breaking force. 
We proceed to conaider ahortly each of these forces in sncceaaion. 

L TauiUForee. 
This ia the simplest of all itrains, and indeed the others are only modifi- 
ea^na of it. It is therefore proper to consider It first, since this will be in 
a manner introdactory to the ioveitigation of the others. We have pre- 
vioosly remarked that it is the cohesion of the materials which resists the 
forces. Id the case of a tensile force, the force of cohesion ia directly 
opposed to it, with very little modifieation of its action hy any particular 
circnmataDces. This renders the iD«e>tigatioD very easy. When a cylin- 
drical or prismatic body, sach as the pistoD rod of a single acting steam 
engine, is acted upon by a tensile force at one extremity, the body ia in a 
state of tension throughout all its length. It is easy to show that the tension 
is etgoal at all the points in the length : indeed this follows as a Gomeqnence 
from that eqaality of action and reaction which experiment shows to subsist 
whenever bodies act upon one another. The first plate or layer of matter 
at the extremity of the body is kept in eqnilibrio hy two opposite forces — 
the tensile force tending to separate the layer from the body, and the 
force of cohesion, which connects the layer to the body. These forces 
are directly opposite ; and all experiment shows us that, before two directly 
opposite forces can balance one another, they must be equaL Again, tht 
second plate or lamen is kepi in eqnilibrio by two forces — (he cohesiTa 
force uniting the first and second lamina, and which we have just shown to 
be eqnal to the tensih; force ; and the cohesive force uniting the second 
lamen and the third. These forces must in like manner be equaL It ia 
obrioui that, by proceeding in this manner, we may show uoiTersally that 
the pan of the cohesive force which is called into action in order to resist 
the teosite force at the extremity la always exactly equal to the tenaile 

Since all the pans are thus equally on the stretch, it follows that the 
strain in any tronsverae section is the same, as also in every point of that 
section. Hence the capability of a priamatic body to resist tension is pro- 
portioual to the area of the minimum tranverte section. If f denote the 
maximum weight in pounds which a bar of one square inch tn section can 
bear without undergoing permanent deraugemeat, and A denote the area 
in square inches of a transverse section of another prismatic bar, or the 
area in square inches of the minimum transverse section of a bar of any 
other ahape ; then the greatest weight which that bar can bear without 
raptore is /A lbs. The number denoted hy/. of course, differa for differ- 
ent materials. It can only be found by experiment The only materials 
which we shall have occasion to consider, are cast iron, malleable iron, 
and tempered steel ; and for each of these materials / has been determined 
with an accuracy sufficient for our purpose. It baa been fonnd that 

for cast iron /^IS,3001bs. 

for malleable iron /=IT,BO0ibs. 

for tempered steel /— 45,000 Iba. 
It is the onited force of cohesion immediately before the disunion of the 
Brat particles, or the force which connects two adjoining lamina togethei 
before the teusite foree separates them, that we call the itrtnglh of At ttc- 
Urn. It is also very properly called the aimliile ilrenglh, since it is exerted 
in ill simplest form, and not modified by any relation to other cin 
stances. We may remark, that the different values we have given 
for the different metals ooght not to be regarded as perfectly accn 
They ore deduced from experiment, and ought to be considered as no i 
than general values, or the averages of many particular triala The 
gularities are Ten great, since no substances are constant in their texture 
and firmness. Metals are affected in their tenacity by a thousand circnm- 
stances, such aa their parity, the heat with which they were melted, Jbc 
In the amplication of these numbers all d*n^ will bo obviated by making 
the particular pan sutgected to ttraia a little greater than what theory 
would indicate. 

It. A Bnaiiiig Font i or, a force Indmg to breai lAe Bod;/ aavMi. 

This Is the most osnal, and at the same time the greatest, force to which 
materials are antg'ected. It Is seldom, however, that It occnn in a perfectly 

simple form. When a beam projecting horizontally fhim a wall has a 
foree applied at Its extremity, the beam is commonly broken near the wall, 
and the mtermediatc part has In the mean lliae peHbrmed the Junction of 
a lever ) so this is not a case of simple transverse Aacture, but is compli- 
cated with the action of a lever. An example of a bar sutgected to a 
simple transverse fracture, occnrs in the oin which forma the Joint of a 
pair of pincera or scissors. As cases of this kind occur but rarely in ma- 
chinra, we shall not stay to examine them minutely, and may content our- 
aelveswlth saying, that in this case the strength of the piece is proportional 
lo the area of the section. We proceed to the much more common and 
much more Important case where the agency of the lever Intervenes- 



Before commencing the theoNtioal hiveatigation of the strength of beamt 
when opposed to a transverse strain, we may remark that our knowledge of 
the manner In which the direct cohesion of the material is brought into 
action is very Imperfect. The celebrated Galileo, to whom the physical 
sciences are so much indebted, was the first who connected thia subject with 
mathematical principles, and endeavoored to trace the law of strength which 
different bodies possess. In proportion to their length, breadth, depth, foim, 
and position. He arrived at the correct conclosiou, that when a beam la 
pulled In the direction of its length, its absolute coheeion is proportional 
to the ares of the transverse section. When he proceeded to find the efficacy 
of a beam in resisting u transverse strain, he immediately fell into mistakes, 
lodeed this InTestigation is much more difficult, since we do not see so 
clearly how the resisting forcea exert themaeWes, nor in what degree. 
Galileo proceeded upon the hypotheaia, that if a beam were supported at its 
extremitiea, and loaded by a weight at the middle, that all the fihrea of the 
beam would exert equal resistances to prevent fracture, and that when these 
were overcome, the section would teud to turn about that boundary of it iu 
contact with the weight. Following out the consequences of this theory, he 
arrived oltlmately at the following conclusion. When b beam la fixed 
Bohdly in a horiiontal position in b wall, or other immoTeabla mass, the 
resistance of the Integrant fibres is proportional to their sum multiplied into 
the distance of the centre of gravity of the area of fracture from the lowest 
point. The results of this ^eory are certainly very simple i but, unfor- 
tunately, the hypothesis is not conlbrmable lo what takes place in nature. 
It assumes, for example, that the beam is perfectly Infieiible, except at the 
point of fiacture : now we know that no beam is perfectly Inflexible. 
Again it assumes that the fibres are ineitensible and Incompressible ; 
whereaa every experiment shows us that the fibres are both extensible and 
compressible. The theory of Galileo having these radical defecta, it 
neceasarily happened that when it was tested by practical experiments, the 
theoretical strength was found to differ widely tWim the actual strength. 
The first person who drew attention tn these defects was Mariotte. ^The 
few hints which he suggested, in a work entiUed " Traits du Mouvement 
des Eaux," attracted the attention of Leihnita, who propounded a new 
theory. The theory of Leibuiti coincided with that of Galdeo In so far aa 
regards the axis about which the section would turn ; both making that 
axis to pass through the lowest point in the section of t^cture when the 
beam is supported at one end, and the highest when the beam is aupported 
at both ends i but It differed from it as regards the equal reaistances of the 
fibres throughoutthe whole fracture. Leibnita had frequently remarked that 
the ruptore of a body, whatever it may be, is always preceded by a certain 
degree of deflection, from which he concluded that everybody was composed of 
extensible Gbresi and assuming the principle fiist laid down hy Dr. Hooke, 
viz., " nt tensio sic vis," he concluded that every fibre exerted a force pro 
ponional to ita quantity of eztenalon, or, which la the same, propor- 
tional to its distance from the line about which the beam was supposed 
to torn ; but he still considered the fibres to be incompressible, and conse- 
quently that the beam turned about Its lowest ptunt. This theory, although 
conformable to nature in some respects, Is deficient in others. It, however, 
approximates much nearer to the truth than the theory of Galileo. It is a 
remarkable coincidence, that although these two theories differ from one 
another, and from nature, in so &r as regarda the real strength of beams 
having a rectangular transverse section in resisting a Iranverse force, they 
both lead to the same inference, viz., "that the law of resistance ia aa the 
breadth multiplied by the square of the depth," an inference which has 
been abundantly confirmed by eipei^ent. Jsmes Bernoulli proposed a 
third theory. This philosopher observed, that at the Instant a body is 
broken across by a transverse strain, a part of the fibres is in a state of 
extenalon, and a part In a state of compresaion. It will be observed that 
the latter thct Is a eirenmatance which had never before bem introduced 
into the consideration of the question. Bernoulli assumed that the beam 
had a tendency to turn about a line entirely within the section which 
separated the extended fibres fh>m the compressed fibres. Thia line ia 
generally called the neutral axis. The theory of Bernoulli prevails to 
the present day. All the difficulty experien(^ upon the subject ia to 
determine the exact position of the neutral ails. Having given this short 
sketch of the different theories proposed npon this subject, we proceed now 
to determine the realstancea which beama of different shq)ea offer to a 
cross itrain. In the investigation we will assume as true the theory of 
BeruoDllli. His theory carries the air of truth, and Its resulta are con- 
finned by experiment 

Let the beam A A' IV D be supported upon a fhlenim at S in eqnilibrio. 
Suppose, for the present, that the beam ia acted npon by no other forces 
than W and W, which have produced their full effect in deflecting the 
beun; suppose also the vertical section at M S lo be divided into an Infinite 
number of filaments or fibres ; consider C to be the situation of one of the 
filaments In the upper part of the beam, and A A' a tangent to the curva- 
ture of the filament at C : It ia obviona that the forces tending to separate 
the filament at C moat be equal, and they must act in the tangent ; so that 
the strain which prodoces mpture la ohrlously a tenuis one. Again, B A it 
the direction of the weight Hence, fWim wdl-known statical prmciples, we 
have AC .* AB : . tensile force on filament at C : Its effect in anstaining th ji 
weight W, Denoting, for the present, the tenaile foree on filament at C by g 



e have, effect of the filament ii 



AB 



talning W=St7, 



AC 
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Hmr, weordlng to the theory of BtraoolU, the ^dghu will compreu tike 
bwerpmarthebetm. Let e be a compreiwd fllunent, hsnng tbenme 
ana u the filamemt at C, and ntuUed at the lame didtoce ttnna the lover 




Miftee that the filament at C ii from the upper tartaet \ let also a o'be 
■ taoc^ to the filament at c, and eonwqaently parallel to the tangent 
A A'; Aea, from iretl-known lutical principlet, ire have a e ; aB : ^reeiit- 
MM to OMnprearion at e : eStetof the filament in taMtuning the weight W. 
Nov, it ii proved tnm experiment that portiooa of the nme matter, of 
eqnl area, rc^ exteuion and cotnpiwrion with eqnal fbrcee. We inftr, 
Ihctelbre, that the effect of the filament at e in nutaining the ireight W— 

oB 
• — . The effect of both the filament! in aupporting the wught will 

{AB aBI 
2g+ — j. Bence, einee ACbqc, and AB + oB — 

Ao—Ce, we bare the effect of both the filameauin npporting the weight 
— 87-^ At ime aide at the beam nSere extenaion and the other eom- 
prMHOO. there will be a filament At tome point of the depth which will 
uilher be eomprened nor extended. Thi« filament is what we lune elie- 
lAere Krled the neutral axia. The eileniion and oompreuion of a fila- 
■eat will obrioolly be at iti diMAnce from thii nentral axii. Ajniming 
theprindjdeDr.Hookeioelearljlaid dowQ,''att«nsio BicTii,''alaw«hi<£ 
experiment conflmu, it followi that the itresg upon a filament ii propor- 
tioial to ill dittanca from the nentral axii. The principal difflcnltj in 
determining the itrength of a beam, when oppoeed to a tranHrene (train, 
eennati in the determination of the positioa of the neatral axi«. Indeed 
the pontiuicf the neutral axis cannot proper!; be determined bj theory at 
all; it iimoreproperlfamatlerofexperiment. Whenabody iiarmmetrical 
■boot a line, we maj ainme that line aa the Dentral axif. Smi^ modem 
nperimenti leem to abow that die neolral axia it in general Bearer to the 
i^iper anrfkee than to the lower ; but in no cate doe* the jpontion of the 
nentral axia difier mnch from the pontion of the natnral axu of the bodj. 
We have ihewn that the effect of two filament! it a* the distance between 
tbem I the eftet of cither will tberelbre be at its distance from the neatral 
axia; Ibr the filaments being eqnal, and the strain on them eqoal, the 
aiis will be at the middle (n the distance between tbem ; and the effect 
of both being irveiuwd by the whole depdi, thtt of ene Ol tbem will be 

memredb; half the depth. Hencetbeeffectof the filament at C — Bj^' 
Fnm the similarity of the trianglea V h C and FAC we oondnde that 
X^~Y^' ^"'^ ^ ^™t of t^ '^"°^t— 8 pT^ Lets' denote the 
RnsiaponaD eqtialfilBment at ■■; then once the streaaia proportional to 
extennon, and exienuon proportiMial (o the distance from nenbal axis, we 
have 



:Vk::9:^. 



N»„ 



■ •' N.-Pf 



Let the area of a vertical section of the filament be denoted by d A, then 

when the weight U just about to break the beam, or rather to cause perma- 
ntS*— /(JA. Id tfaii case the effect of the filament at O 

\d A. Now the total weight whicb the beam can T«tist 
without permanent derangement is the snm of all these effecta. Hence 
taking Nas axis ofco-ordinatea, the axes of X parallel to F C the length, 
the axil of T in the direction of breadth, and the axes of Z in the direction 
of the depth ; denoting also the depth in inches by (l^ or S N »—d, and the 

length FCin inches bjl,ihtayf—-ji/ f^dzdj/. In this the inte- 
grals must be taken between the proper limita. 

As an example of the application of this formnls, we may proceed to 
determine the lateral strength of a hollow elliptical cylinder. 

Let the accompanying figure represent a vertical lection of this cylinder ; 
N the position of the neutral axis j N Z as before, the depth, or the direction 
in which the force is applied; and NY the breadth. Put NAmo, 
SAj^a,, if B=b, NB,oi, : then the equation! of the two ellipwa are 



e)^«)'=''0'*(r;)'-- 




These may be put under the form 

S-jv'i'-i*, and y,— g^b*-il 
Now the strength of the beam may obrionaly be foond by flnt deter- 
mining the strength, considering it aa a solid, and then subtracting the 
strength of the hollow pert Hence onr foimiJa become* 

But 

/»* /^ «*iH t i"t» 

or putting z—iZ 

Bat it ii thown by writen 1 



/■ 



the Integral Cakului that 
z^42 ] 



and therefore 

Thlsreanlti* general, and we may derive frnm it so 
Buppose the ellipse* are similar ; pnt a,vaii,aodi,— iiii 

w-^.i-{i-.. }-;-{.»•{■-"•[ 

Sarooae, ia additid, that the ellipses become circlaa, t» amb—r t then 
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tn tpplring tbi« fonnnla to ptrticnlir cues, it if nteetur? to remember 
that the duneniiona ire inppowd to be taken id iiichei, and that the aDswer 
ii in Iba. To adapt it to other dinenaiont, it ii neceuary to make corre- 
■ponding gubstilntioni. 

Before leariog thii example, we may take occasion lo remark that a 
eonaidenble acceuion ofitrengthia alwajra obtained bj making tbe ihaft 
bollow, and at tbr aame time preMrring an equal quaotit]' of matter. This 
ma J be demonitraled a^ foUowi. Tbe area of exterior circlefaTH, and 
the area of interior circle^iiii' r'; hence the area of tbe lection — i-r* 
(1— »'). Let r, denote the radim of a circle equal in area to the area of 
the leclion, then r, will be obtained flrom tbe equation irrJ — Fr* (I-m*), 
or T^--r V'l~n*. No* the ttrength of a lolid cylindrical beam, the radial 
of whoM aeclioa i> r,, ia fband from the general Talue by taking h— o; 
denoting the weight by W, we have 






T: w :: i-n* :(i-b')*j 



W: W :: 1 



hn*: a/i- 



Thin analog; ahowi ni that W i* alwayt greater than W. Hence, 
whenever it ia an object to gain ilrength without increasing the weight, 
thii will be accomplished by increaalag the diameter of the Teiiical aec- 
tioQ, end makJEg the labo lioUow. We may observe a beantiful application 
of this principle in tbe eonstractioa of the hnmaQ frame. Those bones 
which are often snbjecled to great lateral ttraina are hollow and have large 
diameters ; so that, whtlat they impart glability lo the whole ma^ they do 
not impede ita active motions by their weight The same contrivaQce may 
be observed in tbe eonatractioo of tbe different parts of birds. In the case 
tt malleable iron beams, the neatnil aiii lies aearer tbe bottom than tbe 
top, as malleable iron resisla extension better than it resists compreaaion. 
Hollow malleable iron beams shottld therefore be stronger on the upper 
than on tbe under aide, being the reverse in this respect of beams of cast- 
Ill. The force may have a tendency to twist tbe body ronnd. 
We have previoosly stated, that the efficacy of any material in resisting a 
force applied in any direction, arose from tbe force of cohesion subsisting 
betweea the particles of that material. We have seen the different 
ways in which this force of cohesion is called into existence, wbeu the 
applied force is tensile and when it is transverse- It is more difficult 
to explain by what modification of tbe fbrce of cohesion a beam is enabled 
to resist a twisting tbrce. Bnt although we canaot pretend to have auy 
very distinct conception of that modification of the cohesion of a body by 
which it resists this species of ttrain, we can have no donbt that, when all 
the particles are similarly situated and act alike, the resistance must be 
proportional to their number. Hence, suppoaiug an indeflailely tbio tube 
to possess a transverse section !□ which the particles cohere more feebly 
tbiii in any other section, then if this tube be grasped in both hands, and 
the two parts be twisted round the axis in opposite directions, as we would 
twist the two joints of a finte, it is obvious the lube would fiul in this tnna- 
vene section. Now tbe transverse section ia a circle, and ail tbe particle* 
in that section are similarly situated, and therefore act alike ; so (hat the 
total reaittance will be as the circumference : denoting tbe radius of tbe 
laction by r, and tbe breadth by d r, then 

total reustance exZ> nfr-SirCr Mdr. 

We can now suppose a&other tube within this, and a third within the 

second, and so on till we reach the centre. If we anppose the partielea of 

each successive ring exerted the same force, then C i« fonsiaal ; and the 

wCVix r*ac 



c/~n£r=ii 



total resistance of a cylinder would be equal 10 SvC 

■nr&ce of the sectioii. Bnt when a cylinder is twisted in the manner we 
liave auppoaed, it is obvious that on external particle will suffer a greater 
circular extension than an internal particle. It is impossible to determine 
ipriori the law according to which the circular exteosiona are regnlated. 
We may suppose that the exteluiaii of a particle is proportional lo the nth 

powerofitadlatance from the axil of tbe cylinder; orC ocr ~C'r . Then 



f the cylinder I 



r dr-'^ 



■tS 



In the 



ease of a transverse fbrce, we mentioned that the strain npon a filament was 
proportional to ita distance from the neatrol axis; ii aeenu probable that this 
■luHild be the law in the case of tbe twisting force also. Assuming this law, 
vehave n~I, and 

the reaiatance of cylinder— JCH ecH « iP. 

We cannot say that we have demonstrated thii, since we have aaaumed 

arUtrarily that t'he extension is proportional to the distance from the axil ; 

at the same time, no proportion is more probable. But the best teat of the 

Momcy of our retnlt u Itmished by eiperimenL Experiment! show 



will also depend upon the nature of the material, so that we have 
the resistance of a cylinder •xJ't' oc if. 

TV. The force may be so applied as to have a tendency to emsh the body. 

It is still more difScnlt than in any of tbe preceding case* to conceive hj 
what modification of the force of cohcNOn a body is enabled to resist a 
crushing force. When the length of a column is much greater than ita 
breadth, then, on tbe application of a emihing force, the colomn bends to 
one side before it breaks. When the column ii too short to bend, iti 
(trenglh ii only limited by the tone which would crnsh it. Theory bos Oi 
yet fnrnisbed very little assistance in determining tbe force necessary to 
erush a colnmn which is too short to bend. Tbe first person who turned bis 
attention to this subject was Euler, who published bis " Strength of Columns" 
abOQt tbe year 17S7. He arrived at the conclnsion, that the strength of a 
column lo resist a crashing force was proportional to tbe tonnb power of 
the diameter. We may mention that bis tbeory is founded upon an entirely 
gratuitous assnmption, and consequently do dependence can be pUced npon 
Its results, except they are found lo agree with eiperimenL Now, all ex- 
periments npon this subject show that the strength of a cylindrical eolomn 
does not increase in lo high a ratio as the fourth power t^lhe diameter. It 
has also been advanced, that the strength of a colnmn is proportioiial to the 
transverse section, so that if tbe column be cylindrical, its ttrength ii pro* 
portional to the square of the diameter. Eiperimenti, however, ihow thai 
the gtrengtb inereasea in a higher ratio than the aqnare of the diameter. It 
is very deceit to experiment npon this subject, in conseqn^ce of the ne> 
cessity of using such very large fbrcei to cruih a comparatively small colnmn; 
hence it is that the experimenti pnbliihed difl^ 10 very mocb. They leem 
to show, if any thing at all, that the strength of a cylindrical eotimm is pro* 
portional to the cube of the diameter. We are, fortunately, under no 
necessity of considering this case at present, since all the parts of a steam 
engine which are subjected to a cmsbing force are so long compared with 
their breadth as lo be liable to fiexure. It is the flexure which a emshing 
Ibrce produces in a long column that onght to be guarded against Now it 
is a general mle, sanctioned by experience, never lo load a column with a 
fbree greater than id elastic force. Thus, if the colnmn be cylindrical, and 
the diameter of iu transverse section equal to d inches, then the greatest 
load which can be placed npon it with lafety is -7854 x/i ^. This ii the 
greatest load that can be placed upon it with safety, even when it acta 
exactly in the axil of tbe cylinder. When the force acti at some point 
different from the axis, then its efficacy in bending the column is very mnch 
increased, and this efficacy continues to increase with the distance between 
the axis and the point of application of the force. This is a annututance 
which OQght to be particularly attended to in proportioning the diameters i^ 
several ai the rods used in tbe mechanism of a steam engine, tbr it ia 
obvious that in none of these rods does the crushing force alwayi act in the 
axis ; on the contrary, in most of them the compressing force oecasionallj 
acts in the surface of the rod, or at the distance of half tbe diameter f^m 
the axis. We might here advance some theoretical considerations for 
estimating the amount of the increase of the efficacy of the force in bending 
tbe column when acting at the surface, above its efficacy in beading the 
colnmn when acting at tbe axis ; but, as there is considerable difficulty in 
their conception, and very littie dependence can be placed npon the results, 
we shall omit these speeulations, and shall conclude these remarks by men< 
tioning ai a general result of such considerations, that a cylindrical rod 
whose length greatly eiceedi its breadth d, ought never to be loaded with 
a weight greater than J/iJ*, uoleu the weight alwayi acta very nearly iu the 
axis of the cylinder. 

We now proceed to determine the proportions for several of the principal 
parts of a steam eng^e. It ii obvioot that the dimensions of all the parti 
onght to depend upon the pressure of tlie steam in the boiler, or rather th« 
greatest preuure it can attain before forcing open the safety valve. In 
the fbllowing inveatigationa we denote this pressure by P. In the mlea wa 
have given, il is desirable to take P considerably larger than the preisura 
before escaping at safety valve. A good practice would be to take it 
alwayi doable of thii prdinre. 

Tojatd titttrenglk i^At armt qfbeamt, cnnUt, ^. 



Let b denote the breadth in inches, then 

-:4;i(0-«)i-^' 

Therefhre/i iP^« W i. 



Strength* and Slraitu, 



In thii fbrmala the dimeDaioni are all iu incbei. If L denote the length 
Id feet, then th« fonaala became* /b iP~7! W L. We learn from thia 
lliat Ae itrength ol the beani or crank dependi mach more upon the depth 
than the thickneu, and therefore it is deurable to increaie the depth ai 
much a* ii eoniiitent »iih other coniiderations. It ma^ 1>« asiomed, 
hoverer, as a gcDetal principle, that * beam of uniform thickneu ihould 
nerer have ita depth greater than lixteea time* it* thickness, because other- 
vise it is liable to OTertora. Assume, therefore, 16 6cd, then the fbrmnla 
beeomet /d*— IBxTa' WxL-llsa< WxL. Denote the preiiure on 
■qnare inch of the steam in the boiler when the iteam has acquired an 
cl«(ticit7 sufficient to fbrca open the safety valie by P, and the diameter 

at the cylinder by D ; then the greatest <rtlne of W is ^ F x D*. Suppose 



aba 19 L-nDi then i 



ir fcrmnla becomes 12 / rf'--7854 » lisa n 



V, -wtoeh, by redaction, becomes/d'-TS'399 xnxFxD'. Therefore 



tooiji-D-y^^ 



Bj labstilutliig tbtse value* o 



/- 15300 
TOn/= 17800 
' fbrmnls become*. 



{a Pi* 



malleable iron d< 

a engine. It may 

EniA — 7b find At depA of ihe main ieam at tlu cmtre. — Dividt lis 
InulA in iiscAei fnm Ae centre of motion la lit painl where Ihe pMon 
rod ti attached, ^ tie diameter of lAe cutinder in iachu ; multipti/ the 



Ae diameter of Ae q/Under in incha gictt du depth in incha of the btam 
at Ae etnbt ef motion. 3b find Ae breadA at Ax eenlre.^Dimde the 
JgtA m incha by 16; the quotient it Ae breadth in inchet. 



—3, and P— 10, and therefore 

j-dI 






Tile breadth- Y^ D--03D. 

It «31 be obeemd that our mle giTes the least T«loe to the depth. Id 
■ebttl practice, horerer, it is necessary to make allowance fnr accidents, 
<r tor anltineas in the materials. This may be done by making the depth 
greater than that determined by the rale ; or perhaps more properly by 
taking the preasnre of the iteain much greater than it can ever poasibly be. 
Ai for the dimennons of the other parts of the beam, it is obvious that 
they OBght to diminish towards the extremities : fbr the power of a beam 
to mitt a cnM Mnin varies inven 
be determined tVom the formula/ J 

To apply the (brmola to cranks, we may assnme the depth at the 
•haft to be eqnal to a timet the diameter of the shaAj heuce if mxD be 
the diameter of the shaft, the depth of the crank will be a x m x D. Snb- 



become9yx£xN*xii^-V7194xFxl. The value uf a is arbitrary. In 
practice it maybe made equal to l) or 1'5. Taking this value, then, 
fbr cast iron, the formala become* lS300i£xIxiM'»t-71!'l xPxi!, 



put into the form of a rule, thus : — 

KuLE. — To find the hreadlh at Acihafltohen At dtpA it equal lo 1^ ti'iaes 
the diameter of Ae Jiajt—Dioide Ae tquare of the diameUr ef Ae 
AafI in inchee by the aqtare of Ae diaaelrr of Ihe cylinder ; mnltiphf 
Ae quotient ly G09, and rtieroe lit product for a divitor; mwltipty 
At matett elattie firet of Ae iteam in Ibe. per tqnare inch by the lengA 
ef Ae cranh in feel, and divide Ae product ijr tne rtterved aiviaor .- lit 
qmtiad it At brtadA ofAe crani at the ihafl. 



In this cateB"), to that reserved divisor — 



— 3S ; again, elattie force 



I. per square inch — SO lb*.: hence width of ennk 



ax SO 
" 38 



Eil'S inches nearly. 

Tit SirengA of ShafU, — Shafts are in general so supported as to render 
the lateral stress as small ai poeaible ; hence we have only to consider the 
resistance to torsion. No part of the shaft should be less Ibtn the bear- 
ings or JouRials; and therefore it will be sufficient to determine their 
diameter. We have previously mentioned, that the resistance which ■ 
cylindrical shaft offers to a twisting force is proportional to the cube of ita 
diameter. This resolt may be arrived at by theoretical eonoderations ; 



but, what ii 



a be depended upon. 



a confirmed by experiment. 



(diameter of shaft'). 

Suppose the shaft make* m revolutions fbr each double stroke of tha 
piston) mpposealso B— ■ D; then we have 

M D X W K a (diameter) ■; or, 
nDxWo: »xd' 
At before, W_-T8M P i D'; and therefore -T8S4 ■ k P k D*— c x a x d*. 



which gives d—D 

materials. When we make an allowance of about Jt 
wear, then for catt-iton c — 9G0, and for malleable iron < 

these, we obtain. 
For cast-iron. 




a J Ll376xaJ 



These may be expressed in the fotlowlng rule. 



RcLK. — TofindAediamtttref a radioing Aajl — Form a retervei iUvitot 
Ant ; multiply the number of rtvolulionM isAtcA Ae ^laft mahet for each 
doable tlroie of the piilon hi the number \2Z3 for catt iron, and Ae nuaier 
1376/iir maUeaile iron. Then divide Ae radint qfthe crani, or Ae radim 
of Ae wbed, by Ae diameter of Ae afiinder i mdtijdy Ae quotient by Ae 
grtatett pretmre of Ihe ittam in the boiler tzpretied intbi. per tquare inchi 
divide (ne product by Ae reiemed divitor; extract Ae cube root of Ae 
^aotieitt, and mMlliphf Ae ratdt by the diameter ef Ae cylinder in inchet. 
The product it At diameter of Ae thaft in inchet. 



TBE PISTON ROI> OF tlMOLS ACTIHO EHGINEB, PtUff KODI, ETC 

In treating of the reustance which a beam offers to a force tending to 
draw it in the direction of it* length, we obterved that it wu proved, both 
from theory and experiment, that tbis reustance was praportional to the 
area of the transverse section. Denoting the diameter of the rod in inchet 
by d, ihe force of eohesioa of a bar of one tqnare inch in section of the 

material by /; the retiatance of the rod i* ^ /d'--785* x/d'. We 

have the eqoation ^ P D" - ^ /if; from which we find d-Dv*-^ FoP 

malleable iron /-• 1 7,800 lbs. ; but it ougM to be remembered that this 
valite is only the mean or average value of sevefal experiments, so that for 
certain qualities of metal it ought to be less. Hence we ought to make an 

allowance for the probability that Ihe iron is of an inferior quality. Agun. 
the formula la determined upon the sopposition that the force is applied 
directly to the axis of the rod. When the force is qiplied at some olber 
point, the rod is liable to be bent; so that, in order to preserve the rod 
from flexure, it is necessary to make it stronger than would be necessary 
if the force were applied to the axis. It has been assumed that, in every 
case in which the force is wholly tensile, there is a possibility of the stiain 
deviating one sixth of the diameter of the rod thnn the axis, and as an 
allowance for both ot thete casoaltiet we may take/— 90SS ; w^ tlaa 
our formula becomes 



Proportiottt of Engmet, 



Evix. — Mtitift) Hie iiametxrof (AepuAM in infAei iy Ac mpart mot of 
the greatat tJattic fam of the titom u the boiler xtunated in Ibt. do- 
•fiiiir« JMchj (Ac product, divided by 95, it (At diuncltr o/" the rod in 

Exampk. — Bcqnircd the dkmeter of the traiuTene wction oC ft pUton 
TOd io • UDgta Ktiiig engine, when lh« diameter of the a^Iiuder a 90 
incbn, ud Uw greateat pouible foT«e of the ateam in the boiler ia 16 lb*, 
per iqiure inch. Here, according to the fonnola. 



The theory of the reriiianee irhich colunuu vboK lengths do not 
grettl; exceed Uidr breadthe oOa to forces tending to cnuh them ia 
■till in a verj imperfect state. When tlie length exceeds the breadth, then 
the colnmn bends to one side before breakinK. <o that the crushing force 
partakes of the nature of ■ transTene force. The fi>rce increasei with the 
flexore ; hence it has been laid dovn as a general mle, by writer* on the 
strength of nuteriaU, never to load a long calomn bva force exceeding 
that which it can bear when applied as a tensiie foroe. Thns, if the column 
be cylindrical, and its length greatly exceed its diameter d, then the 
neatest weight which ahoold be placed npon the column is 'TS54 xft d'. 
This is the iti Kiimnm load, when it is applied so u to act in the axis of 
the cylindrical rod ( but when the load is applied at a point different from 
the axis, its elEcacy is very mnch inc>«ased. Now, in the case of the rods 
nsed in a steam engine there ia dways a possibility of the force deiiating 
nearly one half ttie diameter from the axis, so that we must make a pro- 
liaoa tot this. It may be shown, from tbeoreticsl conudciKtions, tlut a 
ttylindiiinl rod whoae diameter isdmtiyalwa^ be safely loaded by a weight 
^IfdK AMiming this, we have to determine d, the equation 
-78M X P K D'- j/xJ; 

therefcre d~D^ . P. 
By tubatitnting the corresponding Tslnei of/ we have 
D - 
(brcastLroD d-^-/Y. 



Tbece fbrmolas give the following mle : — 
Rule. — MuUiplg tie diameter of tke pMlff ia twiei by lie tqnare roetnf 
the vutximum prtutm oj lie tleaai ix lie. per iquare iaek; dimda lh» 
product by 

il tar east iron, 
60 for •■ ■■ 



This rule applies to the piston rods of donble-aetiug engine*, paraUel-motion 
rods, aii-pomp and force-pomp rods, and the like. The role may also be 
applied to determine the strength of connecting rods, by taking, instead of 
P, a nnmber P, such that F k sine of the greatest ang^e which the con- 
necting rod makes with the direction '^ P. 

Eiaupte. — Suppoaing the greatest force of the steam in the boiler to oe 
1 6 lbs. per square mcb, and the diameter of the cylinder 50 inches ; required 
the diaineter of the [uilun rod, supposing the engine to be douUe aeting. 



w-S.^. 



S inches nearly. 



lleable in 



The pressnre, however, is always taken in practice at laon than lelba. 
If the pressure be taken at 25 lbs., the diameter of a malleable iron piston 
rod will be 5 inchei, which is the usual proportion. PiMon rods are never 
made of cast iron, bnt air-pnmp rods are sometimes made of brass, and 
the connecting rods of land engines are cast iron in moet casta. 

"PoBxm^K FOB THs Stbbnotb ot TABJons Pabts or Habihk 
ExoiHEt. — The investigations we have given will serve to show the 
manner in which the strengths proper for vsrioos parts of engines may be 
derived. It would produce * needless diffnscaess to pursue these inveMi- 

Eions into tii the cases for which a solution is required, and we shall, 
refbre, give a series of formulae, derived in the tnanuer we have illus' 
trated, ci the dimensions proper for the parts of marine engines, and shall 
recapitnlaie, with all possible brevity, the data upon which the deler- 

Let preasure of the steam in boiler— p lbs. per square Inch, 

IMameter of cylinders- D inches, 

l.eugth of stroke ~a S indies. 

vacuum below the [uston is never complete, so that there always 

inpoaMsnngfteertunclMtidty. Wemaysi^oae 



this vapour to be able to balance the weight of the piston. Hence the 
entire pressure on the square inch of ^slon in Ids. —jp ■* pressure of at' 
mosphere^'lS-t-p. We shall snbstituCe P for I5+p. 

Entire pressure on piston in Ihs.— -7864 x(15 + ii) x 
-■7854 nPxI^. 

The dimenuons of the paddle-shaft journal may be found trtna the fbl- 
lowing formula, which are calculated so that the stiun in ordinary work- 
ing—! elMtio force. 

Diameter of paddle-shaft Jonmal— 08264 {r x P x D*} 
Length of ditto — 1} x diameter. 



:«'"" 



of the several parts of the crank may be found from the 
following formulas, which are lalcnlated so that the strain in ordinary 
working— one half the elastic force; and when one paddle is snddeoiy 
brought op, the strain at shaft end of crank—) elastic fbrce, the strain at 
pin end of crank — elastic torvi. 
Exterior diameter of large eye —diameter of paddle ahaft + 

{ D[Pxl-S6lxR' + -00494xD'xF^l ]i 
7569 X v'R J 

length of ditto "diameter of paddle shaft. 

Exterior diameter of small eye-^diameterof crank pin + i>2fill x v7x D. 
Length of ditto--087Jx ^P x D. 
Thickness of web at paddle centre— 



{ D-xPx ^{1-581 xR' + -O04B4xD'x'F] V 
9000 J 

.■OiS X vT X D. 
onplicated, we may i 
diameter of paddle I 

TFT-iasaxD') '! 
a« v« J 



Breadth of ditto— S x thickness. 
Thickness of web at pin centre— -OSS x vTxD. 
Breadth of ditto— ) x thickncH. 

Aa these formulas are rather oomplicatcd, we may show what thej be 
come when p — 10 or P— 39. 

Eiterior diameter of large eye ■•diainetcr of paddle shaft + 

Iiength of ditto —diameter of paddle shaft 

Exterior diameter of small eye— diamcier of crank [an + 'lS6 x D. 

Length of ditto--187S X D. 

Thickness of web at pin centre— -11 x D. 

Breadth of ditto- )x thickoewof web. 

The dimensions of the crank-pin Journal may be found fitim the follow- 
ing formulaa, which are ealcolated so (hat strain when bearing at outer 
end>-elastic force, and in ordinary woridng stnin- one third of elastic 
force. 

Diameter (tf crank-pin jooniaJ — -03836 x vfxD. 

Length of ditto — | x diameter. 

The dimensions of the several parts of the croM head may be found fhm 
the IbUowing formulas, in which we have assumed, fbr the purpose of cal- 
culation, the length —1-4x0. The formula* have been calculated so as 

to give the (train of web- j^-^xelastia force) strain of jonmalinoidinaiy 
workingM^^x elastic force, and when bearing at oater c^^Toca* 
elastic force. 

Exterior diameter of eye— diameter cfh(de + -09SS7 xF^xD. 

Depth of ditto--0979 x p) X D. 

Diameter of Journal --01 7 16 X .v^xD. 

Length of ditto— I diameter of jonmal. 

Thicknew of web at middle--0S4S h F^ x D. 

Breadth of ^tto--0S178xP^xD. 

Thickness of web at journal— -OISSxPixD. 

Breadth of ditto-'OSOS x p' x D. 



Diameter of pialon rod — — jg — 
Length of part in ^ston — -04 X D X P 



Proportions of Engines, — Definition of Horse Power. 
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Ifajor diameter of part in cro88head=*019 x -%/P x D. 
Minor diameter of ditto ='018 x -%/P x D. 
Major diameter of part in piston « -028 x ^/P x D. 
Minor diameter of ditto =-023 x VP x D. 

Depth of gibs and cutter through crosshead^-OSSS x P> x D. 

Thickneaa of ditto='007 x P' x D. 

Depth of cntter through piBtoni**017 x v^Fx D. 

Thickness of ditto --007 x pi x D. 

The dimensions of the scTeral parts of the connecting rod may be found 
from the following formulas, which are calculated so that the strain of the 
connecting rod and the strain of the strap are both equal to one-sixth of 
the elastic force. 

Diameter of connecting rod at ends a '0 1 9 x P^ x D. 

Diameter of ditto at middle » {l +'0035 x length in inches} x -019 x 

-/PxD. 

Bfsjor diameter of part in crosstailBsO]96 x P* x D. 

Minor ditto » 018 x P^ x D. 

Breadth of butt-^ -0313 x P* x D. 

Thickness of ditto«*025 x P^ x D. 

Mean thickness of strap at cutter =: -00854 x ^P x D. 

Ditto above cutter « -00634 x -%/? x D. 

Distance of cutter from end of strap >= -009 7 x 'v^P x D. 

Breadth of gibs and cutter through crosstailas*0358 x P> x D. 

Breadth of gibs and cutter through butt => -022 x P^ x D. 

Thickness of ditto » -00564 x P^ x D. 

The dimensions of the several parts of the side rods may be found from 
the following formulas, which are calculated so as to make the strain of 
side rod a one-sixth of elastic force, and the stnuns of strap and cutters 
one-fifth of elastic force. 

Diameter of cylinder side rods at ends « -0129 x P' x D. 
Diameter of ditto at middle »(1 + -0035 x length in inches). 

x-0129xP''xD. 

Bi«adth of bntta-0154 x P^ x D. 

Thickness of ditto--0122 x P^ x D. 

Diameter of journal at top end of side rods01716 x P' x D. 
Length of journal at top ends{ diameter. 
Diameter of journal at bottom end « -014 x P^ x D. 

Length of ditto« •0152 x P^ x D. 

Mean thickness of strap at cutter » -00643 x P^ x D. 

Ditto below cntter«-0047 x pi x D. 

Breadth of gibs and cutter » -016 x P^ x D. 

Thickness of ditto » -0033 x pi x D. 

The dimensions of the main centre journal may be found fhym the fol- 
lowing fonnnlas, which are calculated so as to make the strain in ordinary 
working a one half elastic force. 

Diameter of main centre journals -0367 x P' x D. 

Length of ditto ») x diameter. 

The dimensions of the several parts of the air-pump may be found frran 
the corresponding formulas given above, by taking for D another number 
i the diameter of air-pump. 

DDreNSIONS OF THE SEVERAL PARTS OF FURNACES AND BOILERS. 

Perhaps in none of the parts of a steam-engine does the practice of 
engineers vary more than in those connected with furnaces and bculers. 
There are, no doubt, certain proportions for these, as well as for the others, 
H'hich produce the maximum amount of useful effect for particular given 
purposes ; hot the determination of these proportions, from theoretiomi con- 



siderations, has hitherto been attended with insuperable difficulties, arising 
principally ttom. our imperfect knowledge of the laws of combustion of fuel, 
and of the laws according to which caloric is imparted to the water in the 
boiler. In giving, therefore, the following proportions for the diflferent 
parts, we desire to have it understood that we do not affirm them to be the 
best, absolutely considered ; we give them only as the average practice of 
the best modem constructors. In most of the cases we have given the 
average value per nominal horse power. It is well known that the term a 
horse power b a conventional unit for measuring the size of steam enjnnes, 
ust as a foot or a mile is a unit for the measurement of extension. There 
is this difference, however, in the two cases, that whereas the length of a 
foot is fixed definitively, and is known to every one, the dimensions proper 
to an engine horse power differ in the practice of every different maker ; 
and the same kind of conftision is thereby introduced into engineering as 
if one person were to make his foot-rule eleven inches long, and anotiier 
thirteen inches. It signifies very littie what a horse power is defined to be ; 
but when once defined the measurement should be kept inviolable. The 
question now arises, what standard ought to be the accepted one. We 
think that scarcely any one will doubt that the standard fixed by Boulton 
and Watt is entitied to the preference, since it answers all the purposes of 
a standard as well as any other, and since they were the first to introduce 
the plan of measuring engines by horses' power ; and with the view of con- 
tributing to the resolution of this question, we have given a very complete 
set of nUes, in page 96, for computing both the actual and nominal powers 
of engines of all kinds ; and an extensive table of the nominal horse power 
of condensing engines of all sizes will be found among the plates accompany- 
ing this work. For our present purpose, however, it is necessary to connect 
by a formula the three quantities, nominal horses' power, length of stroke, 
and diameter of cylinder. With this intention 

Let S a length of stroke in feet, 

(2= diameter of cylinder in inches ; 

then it may be shown that, by adopting the standard of Boulton and Watt 
as established by the late Mr. Watt, 

rf'x^'S" 
nominal horse power « — 7= — nearly. 

L Area of Fire Grate, 

The average practice is to give -55 square feet for each nominal bone 
power. Heooe tiie following rule. 

Rule 1. — To find theareaofihe fire grate, — MMpfythenvmberofharsea* 
power by -55 ; the product is the area of the fire grate in square feet 

Example, — Required the total area of the fire grate for an engine of 400 
horse power. Here total area of fire grate in square feet a 400 x -55^220. 

A rule may also be found for expressing the area of the fire grate m 
terms of the length of stroke and the diameter of the cylinder. For this 
purpose we have. 



total area of fire gratea 



-55 X J X ^S 
47 



fleet a 



cf X ^8 
86 



feet 



This formula expressed in words gives the following rule. 

Rule 2. — To find the area of fire grate, — MMpfy the cube root of the length 
of stroke in feet hg the square of the diameter in inches ; divide the product 
by 86: the quotient is the area of fire grate in square feet 

Example, — Required the total area of the fire grate for an engine whose 
stroke a 8 feet, and diameter of cylinder a 50 inches. 
Here, according to the rule, 

50»xi^ 2500x2 5000 
total area of fire grate m square feet a - 



86 



86 



86 



59 nearly. 

In order to work this example by the first rulc^ we find firom the table, 
page 96, that the nominal horses' power of the engine whose dimensions we 
have specified is 104*3 ; hence, 

total area of fire grate in square feet a 106*4 x -55a58-5. 

With regard to these nto we may remark, not only that th^ are 
founded on practice, and therefore empyrical, but they are only applicable 
to large engines. When an engine is very small, it requires a much larger 
area of fire grate in proportion to its size than a larger one. This depends 
upon the necessity of having a certain amount of fore grate for thd proper 
combustion of the coaL 

IL Length of Furnace, 

The length of the furnace diffen considerably, even in the practice of 
flie same engineer. Indeed all the dimensions of the furnace depend to a 
certain extent upon the peculiarity of its position. From the difficulty of 
firing long fhmaces efficientiy, it has been found more beneficial to restrict 
the length of the furnace to about six feet than to employ furnaces of 
greater length. 
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IIL Height of Furnace aoooe Bare, 



This dimension is variable, bat it is a common practice to make tha 
height aboat two feet. 

lY. Capacity ofFwnwct Chamber above Bars, 

In order to determine the average capacity of furnace chambers above 
bars, -we may here specify some particular engines. 



1 

TeiML 


Hone FowOT. 


Totol Capacity 
abOTo Bars. 


CaiMicitj per H.P. 


Thames and Medway 


434 


540 


1*2 


Sydenham 


78 


84*5 


1-08 


Retnbution 


903 


704 


•78 


Royal Consort 


317 


537*3 


•8 


Her lli\jesty - 


317 


537*3 


•8 


Forth • - - 


430 


513*8 


1*2 


Dee and Solway 


434 


494 


1*1 


Achilles • • - 


446*8 


583*2 


1*3 


Queen • - . 


175 


117*8 


•67 



The average value of these, per horse power, may be taken at 1*17 feet. 
Hence the following rule : — 

Rule. ^ 7b find die capacity of furnace chamber above bare, MuUipfy 
the number of nominal horses* power by 1*17 ; the product is the capacity 
cf furnace chambers above bars in cubic feet. 

y . Areas ofFhtes or Tubes in smallest Part 

We may here specify the dimensions of the flues or tubes of the boilers 
of several steam vessels. 



Yeuel. 


CoUectiTe Power 
of Bnginei. 


Area of minimum 

Section of Fluea 

or Tubes. 


Area per H.P. 


Sydenham 

Royal Consort 

Her Migesty 

Forth 

Dee and Solway 


78 
317 
317 
430 
434 


7 25 ft. 
26-4 
26*4 
28*8 
29*2 


13*3 in. 

11*9 

11*9 

9*6 

9-4 



The average value of the area per horse power is 11*2 sq. in. Henee we 
have the following rule : — > 

Rule. — To find the total area of the fines or tubes in smallest part -^Mul" 
tiply the number of horse power 6y 11*2 ; the product is the total area in 
square inches of flues or tiAes in smallest part 

Example. — Required total area of flues or tubes for the boUer of a steam 
engine when the horse powers 400. 

For this example we have according to the rule, 

Total area in square inches »400 x 11*2^4480. 

We maj also find a very convenient rule expressed in terms of thi stroke 
and the diameter of cylinder. Thus, 

11*2 xd'x^^ <iPx,yS 
Totd Tea of tab«. or floe, u, «ia»e inehe. j^ j— 

VL Effective heating Surface. 
In order to find the average quantity of heating snrftce per horse power, 
we shall here specify the total amount of heating snrfkce of different 
vessels whose en^es have diffierent horses' power. The effective heating 
surftce of flue boilers is the whole of ftimace surfiice above bars, the whole 
of tops of flues, half the sides of flues, and none of the bottoms ; hence the 
effective flue sur&ce is about half the total flue snr&ce. In tubular boilers, 
however, the whole of the tube surfiice is reckoned c^ffective surfstce. 

SITECnVB HEATDTO SURFACE OF FLUE BOILEB& 



Veneb. 


Hone Power. 


Total eflbctiTe 
heating Surfkce. 


EShctire heating Sur- 
face per Hone Power. 


Forth - - - 
Dee and Solway 
Thames and ^iedway 
Retribution 
Achilles 


430 
434 
434 
903 
446*8 


2895*7 

2512 

2111*5 

3537*56 

2703*6 


6*7 

5*78 

4-86 

3*8 

6*05 



The mean of these numbers is 5*4, but for the larger class of boilers we 
may take less than this, and 5 square feet per horse power answers very welL 

Rule 1. — To find the effective heating surface of marine flue boilers of 
large size. •— Mukipty the number of nominal horses^ power by 5', the 
product is the area of effective heating surface in square feet 

£jrample.— Required the effective heatmg surface of an engine of 400 
nominal horse power. 

In this case, according to th« role^ Effective heating surfiice in square 
feet-400x5«2000. 



The effective heating surfiu^e may be expressed in terms of the length of 
stroke and the diameter of the cylinder, as follows: — 



5xd»x^S d'x^yS 



Effective heating surftce in square feets ^. ^ in 
The formula, expressed in words, gives the following rule : — 



nearly. 



Rule 2. — To find the total effective heating surf ace of marine flue boHers.-^ 
Multiply &e square of the diameter of cylinder in inches by the cube root 
of the length of stroke in feet; divide the product by \0i the quotient 
expresses the number of square feet of effective heating surface, 

J^xofi^.— Required the amount of effective heating surfiice for an engine 
whose stroke := 8 ft., and diameter of cylinders 50 inches. 
Here, according to Rule 2., Effective heating surfiuse in square feet-« 

50* X ^8 2500x2 5000 

10 " 10 "^ 10 "^^• 
To solve tiiis example according to the first rule, we have, refening to 
table, pages 96. and 97., the nominal horse power of the engine equal to 
106*4. Hence, according to Rule 2., Total effective h^Uing surfiice in 
square feet » 106*4 x 4*92a-523i. 

SFFBCnVS HEATING SURFACE OF TUBULAB BOILERS. 

The effiective heating surfiioe of tubular boilers is about equal to the 
total heating surface of flue boilers, or is double the effective surface, as 
appears by tiie following table ; but tiien the total tube surfiice is reckoned 
effective surfiice. 



VetMla. 


Horte Power. 


Total effiBctiTe 
heating SurfiMe. 


EflbctlTe heating Sur- 
&oe per Horte l^wer. 


Her lli\jesty, and 

Royal Consort 
Queen - • - 
Bragansa 
Ocean • - - 


317 
175 
289 
232 


3344 
1995 
3463 
3128 


10*^ 
11*4 
11*98 
13*48 



The more important particulars, however, of tuDuiar boUers are moro 
dearly exhibited by the following table: — 

TABLE OF DQCENBIONS OF TUBULAB BOILERS. 



Pown . - - 
Name of Veesel • 
Diameter of Cylinder 
Length of Stroke - 
Boilen made by - 

How supplied with Steam- 
Furnace Bar per a. P. 
Length of Tube per H. p. - 
Sectional area of Tube per 

H. p. in Square Incbei • 
Heating SurfiMe of Tube 

per H. p. - 
Area of Fire-mte per 

Square Foot of ■ectional 

area of Tubes 



270 B. P. 

Royal George 

61 in. 

6ft 

Tod ft 

M'Gregor 

Fair 
.633 ft. 
10.44 ft. 

11.86 in. 

8.90 ft. 

6.76 



t.p. 
Bragansa 

62 hi. 
6ft.6in. 
Bury, Curtis 

andCa 

Abundance 

J839(t 

lS.96ft. 

14.44 hi. 

10.96 ft. 

3.76 



PowiR - . - 

Name of Vessel 
Diameter of Cylinder 
Length of Stroke - 
Boilers made by - 

How supplied with Steam • 
Furnace Bar per a. p. 
Length of Tube per a. p. • 
Sectional area or Tube per 

H. p. in Square Inches - 
Heating SurCsce of Tube 

per H.P.. 
Area of Fire-grate per 

Square Foot of sectional 

area of Tubes 



317 H. p. 

Roy^ Consort 

66 

6 ft. 6 in. 

Tod and 

McGregor 

Abundance 

.664 ft. 

12.48 ft. 

14.13 in. 

9.762 ft. 

8.747 



160 H.P. 

The Queen 

Whitehaven 

St. KaT.Compy. 

Fkwcettand 

Preston 
Mot known 

.367 ft. 
11.277 ft. 

11 in. 

8.66 ft. 



4.8 



262 H. p. 


298 H.P. 


Dundee 
66 in. 


Tagus 
62Tn. 


5ft.6in. 


6ft.9hi. 


Htttton & Steel 


MiUerand 




BavenhiU 


Too much 


Short 


.761 ft. 


.882 ft. 


14.66 ft. 


9ft. 


19.8 in. 


8.401a 


11.388 ft. 


6.85 ft. 


8.62 


6.6 


82 H.P. 


260 H.P. 


Inrindble 


Phomiz 


49 


Ooremment 


4 ft 2 hi. 


Steamer 


Tod and 


Peon ft Ca 


M'Gregor 




Abunduoe 


Scarce 


.888 ft. 


.480 ft. 


12.68 ft. 


18 ft. 


11.66 in. 


14 tn. 


9.12 ft. 


ia2ft. 


11.06 


4.42 



It appears from these data that the total heating sur&ce of flue and tu- 
bular marine boilers is about the same, namely, about 10 square feet per 
horse power. 

VIL Area of Chimney, 

For the purpose of deducing a rule for this we shall here specify some 
particular examples. 



Vessel. 


CollectiTC Power 
of Engines. 


Area of Chimney. 


Area per H.P. 


Sydenham 

Royal Consort 

Her Migesty 

Forth 

Dee and Solway 

Queen 


78 
817 
317 
430 
434 
160 


5*94 sq. ft. 
23-75 
23-75 
24-5 
28-3 
12*5 


10*96 sq. in, 

10*79 

10*79 

8*20 

9*39 
11*25 



The mean yalue of the quantities in the last column is 10-23. Hence 
we have the following rule : — 



Rule 1. — To find the area of chimney, — Multiply the number of nominal 
horse power by 10^23 ; the product is the area of chimney in square 
inches. 

Example, — Required the area of the chimney for an engine of 400 
nominal horse power. 

In this example we have, according to the rule, 

area of chimney in square inches -« 400 x 10*233^4092. 

We may also find a formula fbr connecting together the area of the 
chimney, the length of the stroke, and the diameter of the cylinder ; thus 

. ,. . . , 10*23 X <f» X ^S" cPxjKS. 
area of chimney m square mches^ 7= -« — g 

This formula, expressed in words, gives the following rule : — 

Rule 8. — To find the area of the chimney. — Multiply the square of the 
diameter expressed in inches by the cube root of the stroke expressed in 
feet; divide the product by the number 5; the quotient expresses the number 
of square inches tn the area of chimney, 

Exanqok, — Required the area of the chimney for an engine whose 
strokes 8 feet, and diameter of cylinder =50 inches. 
We have in this example from the rule, _ 

^ V- • • u 50* X ^8 2500x2 ^^^ 
area of chimney m square mches =* ^ ■» — i ■■ 1000. 

To work this example according to the first rule, we find, by referring to 
the table, pages 96. and 97., that Uie nominal horse power of this engine is 
104*6 : hence, according to Rule 1., 

area of chimney in square inches a 104*6 x 10*23^1070. 

The latter yalue b greater than the former one by 70 inches. This dif- 
ference arises from our taking too great a divisor in Rule 2. Either of 
the yalues, however, are near enough for all practical purposes. 

Vra. Water in Boiler. 

The quantity of water in the boiler differs not only for different boilers, 
hot differs even for the same boiler at different times. It may be useful, 
however, to know the average quantity of water in the boiler for an engine 
of a given horse power. Following out the same plan that we have followed 
with the others, we here subjoin some particular examples of particular 
engines. 
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IX. Area of Water Levd. 

We here subjoin some examples of the area of water level in the boileii 
of particular steam vessels. 



VeMd, 


Collective Pow. 
er of Engioes. 


ATerage Quantitv of 
Water in the Boiler. 


Average Qoantity 
per H.P. 


Achilles 
Sydenham 
flietribntion 
Her Majesty and 1 
Royal Consort -J 
Forth - -. • 
Dee and Solway 
Thames and Medway 


446-8 

78 

903 

317 

430 
434 
434 


2900 

291*5 
4056 

1433-3 

2439-2 
2338-4 
2647 


6-49 
3-74 
4-4 

4-5 

5*7 
5-4 
6*09 



The mean value of the last column is about 5 : hence we may say that 
OQ an average there is 5 cubic feet of water in the boiler for each nominal 
horse power of the engine. We may therefore form the following rule : 

Rule 1. — To determine the average quantity of water in the boiler — Muh 
tiply the number of horses* power l^ 5; the product expresses the cubic 
feet of water usually in the boiler. 

This rule may be so modified as to make it depend upon the stroke and 
diameter of the cylinder of engine ; thus, 

cubic feet of water in the boiler =5 x nominal horse power = jj 

This formula, when expressed in words, gives the following rule : 

Rule 2. To determine the cubic feet of water usually in the boiler. — Multiply 
together the cube root of the stroke infect, the square of the diameter of the 
cylinder in inches, and the number 5 ; divide the continual product by 47 ; 
the quotient expresses the cubic feet of water usually in the boiler. 

Example. — Required the usual quantity of water in the boilers of an 
engine whose strokes 8 ft, and diameter of cylinders 50 in. 
Here we have from the rule, 

1^- mu^ J, . * ., 5 X 50* X ^8 5 X 2500 x 2 25000 
came net of water m boiler *» .^ « -; «, — --- «532 

nearly. ^^ ^' ^7 

In order to work this example by Rule 1, it is necessary to refer to the 
table, pages 96 and 97. According to the table, the engine, with the 
dimensions we have specified, is of 106*4 nominal horse-power. Hence, 
neooiding to Rule 1, 

cubic feet of water in boilera 106*4 x 5 a.532. 



YoMel. 


CoUectlve Power of 
Eogiiies. 


Area of Water Level. 


Arraper 

h.pT 


Dee and Solway 
Sydenham 
B[etribution 
Her Migesty and 1 
Royal Ckmsort - J 
Forth - - - 
Thames and Medway 
Achilles . - . 


434 

78 

90S 

317 

430 
434 
446-8 


695*4 
65*25 
850-5 

304-6 

564*4 

413 

565 


1-6 

*84 
•94 

•96 

1-31 
•98 
1*3 



The mean value of the numbers in the last column is a little more than 
1. Hence we may take one square foot of water level for each horse power. 
We may put this result in the form of a rule. 

Rule 1. — To find the area of water levd, — 7^ etrea of water leveleom* 
tains the same number of square feet as there are units in the number er- 
prhsii^ the nominal horse power of the engine. 

Example. — Required the area of water level for an engine of 200 nominal 
horse power. According to the rule, the answer is 200 square feet 

To proceed in the same manner as we have done with the others, we add 
a rule for finding the area of water level when the diameter of cylinder 
and the length of stroke is given. 

Rule 2. — To find the area of water level. — Multiply the square of the dia* 
meter in inches by the cube root of the stroke in feet ; divide the product 
by 47 ; the quotient expresses the number of square feet in the area of 
water levd. 

Example. — Required the area of the water level for an engine whose 
stroke is 8 feet, and diameter of cylinder 50 inches. 
In this case, according to the rule, 

, , . ^ 50» X 4K8 

area of water level m square feet= — jz — =106 

In order to work this example by Rule 1., we must refer to the table of 
nominal horse power at pages 96 and 97 ; and we find that the nominal 
horse power is 106*4. Hence, according to the rule, the area of water level 
»106-4 square feet 

X. Steam Boom. 

It is obvious that the steam room, like the quantity of water, is an ex- 
tremely variable quantity, differing, not onljjr for dif^rent boilers, but even 
in the same boiler at different times. It is desirable, however, to know 
the content of that part of the boiler usually filled with steam. Following 
the same method as previously, we here add some examples of the average 
quantity of steam room in the boilers of different steam vessels. 



VoMeL 


Collective Power 
of Enginei. 


Total Steam Room. 


Steam Room 
per H. P. 


Achilles 
Svdenham 
Retribution 
Her Majesty and 1 
Royal Consort -J 
Forth 

Dee and Solway 
Thames and Medway 


446-8 

78 
903 

817 

430 
434 
434 


1380 
215 
2272-4 

850 

1880 
1770 
1064 


3 

2-8 
2-5 

2-68 

4*4 
4-1 
2-45 



The mean value of the quantities in the last column is about 3 : hence we 
have the following rule for determining the average quantity of steam room. 

Rule 1. — To determine the average quantity of steam room. — Multiply ^ 
number expressing the nominal horse power by 3; the product expresses 
the average number of cubic feet of steam room. 

Example. — Required the average capacity of steam room for an engine 
of 460 nominal horse power. 
According to the rule. 
Average capacity of steam room =460 x 3 cubic feet = 1380 cubic feet. 

This rule may be so modified as to apply when the length of stroke and 
diameter of cylinder is given ; thus, 

,. ^^^_ SxcPx^ScPx^S^ , 
cubic feet of steam rooms — b — — — nearly. 

This formula, when expressed in words, gives the following rule : •— 

Rule 2. — Multiply the square of the diameter of the cylinder in inches by 
the cube root of the stroke in feet ; divide the product by 15; the quotient 
expresses the number of cubic feet of steam room, 

t 



BoOert — Ctmparutm of the Waggon-ihaped and Contisk BoUeri. 



no 

EzampU. — Required llie *T«rBge capacity of Ueam room for an engine 
vho«E giruke ii H I'vct, and diiutieter of cylinder 5 indies. 
In tbia ewe. accordiDg to the rule, 

SO" K ^-B 2500 X S 5000 „_, 
Steam room in cnbic feet— — jg — ■= — ^^— - -jj- - 3331. 

In order to work thii example by the first rule, ve muit refer to tlM 
table of nominal horac' power. We find that the nominal hone power of 
this engine ia IUG'4 ; hence, according to Rale I., 

average stream room in cubic reet= 106-4 x 3 — 3S0 nearly. 
Before leaving cbeM rules, we would again repeat that tbey ought not to 
he eongidered as rules founded upon considerations for giving the maiimum 
effect from the combustion of a given amount of fuel ; and consequently the 
engineer ought not to consider them as invariable, but merelyto be followed 
aa&r aa circumalances will permit We give them, indeed, as the medium 
value of the very variable practice of several well-known constructor! ; 
consequently, although the proportions given by the rules may not be the 
best possible for producing the most uiefid effect, still the engineer who ia 
gnidi'd by them it sure not to be very lar from the common practice of 
most of our best engineers. It has often been lamented that the methods 
naed by diSerent engine makers for estimating the nominal powers of their 
engines has been so various that we can form no real eslimate of the 
dimensions of the engine, from its reputed nominal borse power, unlesa we 
know its maker; but the same confusion eiisU, also, to some eiteni, in 
the construction of boilers. Indeed many things may be mentioned, which 
have hitherto operated aa a barrier to the practical application of an; 
(tandard of engine power for proponioning the different parts of tbe boiler 
aai. furnace. The magnitude of furnace and the extent of heating surface 
necessary to produce any required rate of evaporation in the boiler are 
indeed known, yet each engine maker has his own rule in theae matters, 
and which he seems to think preferable to all others, and there are various 
circumstaneea influencing the result wbich render facta incomparable unless 
those rircumstancea are the same. Thus the circumstances that govern 
the rale of evaporation, as influenced by different degrees of draugbt, may be 
regarded aa but imperfectly known. And, supposing the difficulty of 
ascertaining tbis rate of evaporatiDn were surmounted, there would still 
remain some difficulty in ascenaiuing the amount of power absorbed by 
the condensation of ihe rteam on its pai>sage to the cylinder— the imperfect 
condensation of the same steam after it has worked tbe piston— the friction 
of tbe variousmoving parts of tbe machinery — and. especially, the difference 
of effect of these losses of power in engines constructed on different scales 
of magnitude. Practice must often vary, to a certain extent, in Ihe coo- 
structioD of the different parts of the boiler and furnace of an engine ; for, 
independently of the difficulty of solving Ihe general problem in engineering 
the deteimination of the msiimum effect with the minimum of means, 
practice would still require to vary according as in any particular case 
the desired oiinimum of means was that of weight, or bulk, or expense of 
material. Again in estimating the proper proportioiui for a boiler and its 
appendages, reference ought to be made to the dislinctinn between tbe 
"power" or "effect" of the boiler, and its "duly." This is a dislinclion 
to be considered also In the engine itself. The power of an engine has 
reference to the time it takes to produce a certain mechanical effect with- 
out reference to the amount of fuel consumed ; and, on tbe other hand, the 
duty at an engine has reference to the amount of mechanical efftcl pro- 
duced by a certain consumption of fuel, and is independent of the time it 
takes to produce that effect. In eipressing the duty of engines, it would 
have preTenled much needless confusion if the duty of tbe boiler had been 
entirely aeparated from that of the engine, as, indeed, tbey are two very 
distinct things. Tbe duty performed by ordinary land rotative steam 

One horae power exerted by 10 lb*, of fuel an hour i or. 
Quarter of a million of Iba. raised one toot high by I lb. of coal \ or. 
Twenty millions of lb». raised one foot by each bushel of cools. 
Though in the best elaai of rotative euginet the consumption is not above 
half of this amount. 

t aim of different engine makers la to iti 



of tbe duty; that is, t( 



nake 10 lbs. offueleiprt 






effect than oi 



^_ _. , _.. _ other words, to make 1 lb, of coal raise more than a 

quarter of a million of lbs. one foot high. To a great extent they have 
been successful in this. They have caused S lbs. of coal to exert the force 
of one borse power, and even in aome cases as liille as 3\ lbs. ; but in these 
latter cases the economy Is due chiefly to expansive action. In some of 
the engines, however, working with a consumption of 10 lbs. of coal per 
nomini horse power per hour, the power really exerted amounts to much 
more than that represented by 33,011U lbs. lifted one foot high in the minute 
for each bone power. Some engines lift SG.UOO lbs. one foot high in Ihe 
minute by each horse power, with a consumption of 10 lbs. of coal per 
horse power per hour ; and even this performance has been somewhat ex- 
ceeded without a recourse to expansive action. In all modem enginea tbe 
actual performance much exceeds Ihe nominal power ; and reference must 
be had to this cireumslance in conlraating the duty of different engines. 

We may here give the following table, taken from the experinienls or 
collected data of Parkes, Wicksleed, and Rmllon and Watt, and which is 
supposed to contrast the respective distinguishing features, and ibe 





.. 


1 

i 




1 




i 


i 


1 


™ Tnhti long, -«lg"- 
Ing 71 lOPl. 

Comlih bollH, erliDdHc^, 


* 


MmoatS 

l.'nii-dlil^ 
Old Ford 


?s't9 


l>-\fa 


\-ui, 


W'l 


8M 


J6-9e 


-lei 


laoa 


&ii 


J-JS 


l?i 


'i^i 


,!F 


rs 


"m 


-?. 


i-m 


I- 


3'a. 


»M 



By thii Table, it appean that, in the Cornish boiler, 

1. Tbe ratio <^ the area of the heating aur&ee to that of tlie fire grate 
is more than double what it is m the common boiler. 

3. Tbe proportion of heating surface to the quantity of water evaporated, 
or of f^el consumed, is abont ten times aa ^at. 

3. The ratio of combustion is slower with the Cornish bcnier than witll 
the common one. In the ratio of 1 to 4. 

4. There is an economy of about S7 per cent, in fuel by the tise of tbe 
CTornish system of boilers, aa compared with ordinary land boilers ; though 
they are less economical, M has been shown by Ihe trials at the Blackwall 
Railway, than marine boilers, having the came amount of surface. 

Although a great economy of fuel ia gained by the Cornish binler, it i* 
important to obaerve that this advantage is attended with a lues of time. 
Thus, one waggon-sbaped binler at the Albion Mills, weighing only T^ 
tons, evaporated 55 cubic feet of water per hour ; while three cylindrical or 
Cornish boilers, weighing 48 tons, evaporate only 48 cubic feeL This 
la ebiefly the result of tbe system of firing practised with the one boiler 
and not with the other. Again, in estimating the different qualities of the 
two clanses of boilers from a table conlalning practical data, as Ihe one wb 
have given, it ought to be remembered Iha^ Ihe average pressure of the 
steam In tbe Cornish boiler is greater than the average pressure of steam 
in Ihe waggon boiler. Tbe high pressnre of the steam in the Comiih 
boiler requires the mwnteoance of a higher temperature in and about tho 
boiler, and consequently there would be greater losses from diipenion, but 
for the effectual kind of clothing employed in the Cornish enginea and 
boiler^ and to which no inconsiderable part of their economy is to be attri- 
buted. It appean probable to tu that Ibe marine tubular boiler, or the 
tnbnlar boiler with upright tubes, will supersede the Cornish boiler; and 
tbe eiebaoge, it can hardly be doubted, would be an improvement) for 
with the same economy tfaere would be a saving of weight and a saving 
also of the expense of selling. Indeed in the case of all land boilers, thia 
expense will probably be hereafter saved by the substitution of the marine 
form of boiler fbr that which haa heretofore been adopted. 

With these remarks we leave the aubject of boilers, where we have per> 
haps lingered too long. We ma^ mention that, although a great de^ of 
attention and engineering ingennity haa been bestowed upon tbe improve- 
ment of boilers, there atlll remmns great scope for improvement. Indeed, 
although some few engineen bare spent a good deal of attention 
and ingenuity upon the subject of boilers and fumacea, still It is much lobe 
lamented that tbe aim of so many othen is no higher than to follow closely 
in the footsteps of their predecessora. Tbe rule of the great majority ci 
constructors seems to be to follow as closely as circumstances wiU permit 
that which has been found to aiuwer. The blind submlasion which they 
display to the maxims of their predecessora, and their servile Imitation of 
their maxims, has hitherto operated M an almost Impenetrable barrier 
against extensive Improvement in this moat Important department of en- 
gineering. Indeed we ought not to expect any other result. No Improve- 
ment can reaaonably be expected In any art or science, unless some judicioua 
departures be made from the common methods. Tbe construction iMfthe 
boiler of alocomoiive engine affords a striking example of Ihe amount of 
improvement wliich may sometimes be made by jadicious experiment, and 
the extension of this principle to marine boilera, which has now been ac- 
complished, is an Important step in the right direction. Nevertheless much 
remains to be done both as regards the distribution of Leat-receivitiff 
surface in the beat manner, and the introduction of Improved means of 
feeding the Are with coals. The modes of feeding tbe fire at present in 
use are far from satisfactory, and In steam vessels particularly are the 
occasion of great labour and expense, all of which could be obviated by 
Ihe introduction of some automatic machinery, by which Ihe engine would 
Bopply the furnaces with the fuel they require. The revolving grate de- 
scribed in page 53, with its accompanying apparatus, ia the self-acting fire- 
feeder to which we think a preference should be given ; and in the boiler 
with upright lubes described at page 69 Ibe revolting grate ia of easy 
application. Experiments with these upright tubes has shown that they ars 
considerably more efficacious than lubes lying horlionlally, while tbeir lue 
is attended with various collateral advantages. For locomotives, boiler* 
with short upright lubes would he preferable to the ordinary plan of loct^ 
miillve boilera: a large fire aurface would then be obtainable, and bnt UttI* 
power would require to be waaled npoo the bUat. 
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4i 


Fori ,<alBt paaagt. 






























Depth 




3 


a\ 


sj 


31 


Si 


4 


*l 




M 


5) 




S} 


7 


Width 






151 


17 


IB 


SO 


24 


!S 


SB 






31 


31 


32 


B«™, 




























Breadth at middle 




18 


19 


31 


23 


25 


28 


29 


33 


34 


85 


36 


38 


39 


Breadth at ends .... 






S} 


n 


S 


SJ 


10 


JOl 


J2 


121 


12i 


14 


15 


151 


Thickneu - . . - 




i; 


•1 


<j 


M 


M 


U 


2 


21 


2j 


21 


21 


21 


21 



t DlMBHBIOHa OF MaUHB STEAN EiroiRES or MeSSBS. SoAJtAAD ASO Co.*S HtKUFACTCritE. 



il 



m 






m 



fa" 



Cireumfertncei for Angltd Iron ffoopt. 
TABLE OF C1RCUMFESENC£S FOB ANGLED IROK HOOFS. 



Having thm &r diipowd of the lubject of 1>oilera, there may be no 
great impropriet;, before entering at lenfcth npon the inbject of eagiaet, to 
wt down lome <i the chief dimeosiona of marine and locomottTe engines, 
the locomotive bailer and engine bfing go identified, that it ia ditEeuJt to 
•epante the conaideratioD of tbem. We first give a table of the dimeaaiona 
tUftmn. Uaodslaj and Co'a side lever marine engines, and another of 
tht dimennoni of Meun. Seavard and Co'a. We do cot atlacb an; great 
importance to the«e dimensiooa, yet it ia aatitfactory to be in posseasion of 
jite dimenaions nied bj maker* of tome reputation, though not the best 
aUoIutely. 

We add fome nilei and labln fyr fttuUtatiDg the conitnicUoD of boilen, 



num. 


.,™. 


DUa. 


c,™ 


Diun. 


Ctrnra, 


DUm. 


0™™ 


D^. 


Clraiiu 


C,„. 


dram 


D,™. 


c™. 


».. 


c,™. 


DU.. 


c.™» 


.... 


c,„.. 












ft in 












ri. in. 


















5 








I* a* 


4 11^ 


a' 3' 


6 7i 




a" 3> 




10 Oi 


4 0' 


U* 81 


4' 7' 




s 2' 


is" li 




16 10) 


1 


1 s 












6 7i 


1 


8 4 


i 


10 01 


i 














16 10) 


1 
I 


1 c 

1 6 




3 3 


j 


4 llj 
4 Hi 




6 7J 
6 81 


i 


8 4 

8 4 


1 10 ol 

^0 li 


i 11 H 

11 9J 




3 6 




IS Sj 
15 !] 




16 10[ 
16 IH 


I 


1 7 




3 3 






i 6 8J 




8 5 




10 Ij 


11 lOj 




3 6 




IS si 




16 llj 




1 7 




3 3 


1 


5 Og 


U 85 




8 S 




10 a 


11 10| 








IS ai 




17 


\ 






3 4 


\ 


5 Oj 




fi 91 








10 aj 


11 loi 




3 7} 




13 31 




17 OJ 


I 


I e 




3 4 


i 


5 'i 




c 9i 




8 6 




10 aj 


11 111 




3 7J 




IS 4^ 




ITJIi 


7 


1 8 


I 2 


3 S 


1 9 


5 !i 


a 4 


6 10 


a 11 


8 G 


3 6 


10 3 


4 I 11 tli 


4 8 


3 8 


5 3 


ar^ 


slo' 


17 1 




1 


3 5 




5 IJ 




6 lOi 




8 6 




10 33 






3 8 








17 1 




1 9 


I 


3 S 


i'S 2i 












10 3) 


■ la 01 




3 8 




IS S| 












3 6 






G m 








10 4J 


'12 OS 




3 9 




IS Si 












3 6 






n 11! 




8 8 




10 41 


|ia 1 




13 9 




IS Si 












3 6 


Si 5 as 




6 Hi 




8 S3 




10 41 




12 1) 




3 9 




IS «) 




17 3 




1 10 

1 n 




3 7 


J S 3j 

i|5 * 


J 
i 


7 0' 
7 01 




8 '1 


l:lo 3 




\'.il 




3 101 




l??i 




17 3j 
n 31 


B 


[ 11 


1 3 


3 rj 


1 10 


S 4 


a 5 


; 1 


3 


8 91 


3 7 jlO 6 


4 2 


12 ai 


7T 


13 11 


5 4 


15 ri 


3 H 


17 4 




I 11 


J 


3 6i 




S 4 


i 


7 ij 




8 9( 




10 tij 


i 


12 2} 


















1 


3 8i 




s s 


i 


7 IJ 




8 lOj 




10 Gj 


i 


12 31 








15 81 








S 


i 






5 S 




7 a 




8 lOj 








12 aj 




4 




15 8i 












a 9) 




B 5 


i 


7 2j 




8 11 








12 4 




14 




15 9 




17 5 








3 9i 






i 


7 a; 








10 7 




la 43 




14 




15 9J 




7 5 




3 1 


I 


3 lOj 
3 lOJ 




11 


i 


7 3i 
7 3i 




8 llj 




10 8 




12 4] 
12 H 




U 1 


!5,;! 


* 


17 6 
17 6 


9 


a aj 

s a 
a 4 

3 4 


1 4 


III 

S 11] 
4 OJ 
4 0, 

4 11 




s s 
s s 

5 8 
5 9 

a 9 




7 SJ 
7 5) 




9 Oi 

9 Oj 
9 1| 
9 1] 

9 a| 


3 8 


10 10 

10 10! 

10 lOj 
10 111 
10 llj 


4 a 
1 
i 

1 


12 5i 

la ii 
la 61 
la « 
la 6 
18 7 
la 7 
la 8 


4 10 


14 a 

14 ai 

4 25 

14 3 
14 3J 
14 3 

14 4 

14 ^ 


1 
i 

i 

\ 

i 


IG 
16 01 
16 0} 




17 7 


10 


S 5j 


I 5 


4 IJ 


^~~0 


TI^l 


2 7 


7 e 


3 a 


Tli 


3 9 


10 UJ 


4 4 


iTli 


4 11 


14 4 


5 6 






1 


4 Sj 




5 lOJ 




7 7 


1 


B Si 




11 0] 








14 5 




16 1 










i 


4 2 










i 


9 4! 




11 OS 








14 Si 




16 a 












4 2i 




S 11 








9 4j 


11 1 




12 9 








IS a 








a 6 




4 3^ 




5 11 








9 4i 




11 1 




12 9 




14 63 




16 a 












4 3i 




6 








9 5| 




11 M 




12 10 




14 G 




16 3 








a T 

a 7 




4 4 




5 

6 




7 93 


\ 


L3 




11 aj 




19 10 
la 10 




14 7 
14 71 




16 3 

IS « 






11 


2 e 


1 6 


4 4 


a 1 


Tli 


a 8 


7 9 


3 3 


9 61 


3 10 


11 2 


4 5 


la ii{ 


5 


14 7} 


5 7 


\l'i 








3 8 




4 S 




8 li 






i 


9 6J 






















i 8 




4 5 






7 10 


! 


9 7 








13 








16 Sj 












4 5 


, 6 a; 




7 10 




9 7J 




[i 3 




13 




14 8 




16 Sj 








2 9} 

a 10 




4 6 




6 2J 




7 11 


1 


9 7, 
9 8i 


!ii:i 




13 
13 1 




14 9 
14 9 




16 ej 








a io| 
2 103 








Ik 




8 OJ 


1 


Hi 




11 5i 




I3 i 




14 10 

14 10} 




le ej 






I 


s 11 


"T"?' 


TTi 


a a 


6 4 


a 


8 OJ 


3 4 


9 91 


3 11 


11 5} 


4 6 


13 2] 


5 1 


U 10) 


5 8 


16 71 


1 


a 11 




4 8 






i 




1 


9 9j 




11 6i 


i 


13 2g 


i 


14 U 




16 71 






i 


a 11 




4 ej 






i 


8 U 


i 


9 9i 




11 61 


i 




1 


14 11 


,16 8 








a 




4 8) 








8 1) 


i 


9 lOj 




11 6] 




13 3J 




14 11 


I16 Si 








3 

3 1 

3 IJ 
3 l\ 




ill 

4 101 




C 6 

ill 


1 


a aj 

8 31 




9 101 
9 11 
9 llj 
9 111 




11 7 
11 7 

11 8 




13 3i 

IS 11 

13 t) 


1 


IS 
IS 
5 1 
15 11 




16 8| 







lee., bf determining the lengtha of plate or angle-iron rcqniute for tho 
formation of hoops of different diameiera. For pUte or Sat b«r : — 

BcLE. — Add tite Ihicltnett of lAe bar to the required diaaeler, and iha 
anrapeiiditig circumjirenct in the tabU of etrcHmfttmictt of drda giveti 
at page 2^. it the Imglh iff the tar. 

If the iron be bent edgewise the breadthof thebar must beaddedloihe 
diameter } for it is the (hickneia of the bar meeanred radially that is to be 
taken into cansideratioiL 

In such pieces of work ai the tiree of nulway wheeli, which have a flange 
on one edge, it ia necessary to add, not only the thickness of the tire, but 
also two thirds of the thickness of the flange. Generally, however, the tire 
bara are sent from the iron work* lo carved that the plain edge of the 



Circun^ereneei for AngUd Iron Bix^t. 



TABLE OF CIRCUMFERENCES FOR ANGLED IKON HOOPS. 



Uiui. 


c,™ 


DUm. 


Clrcum 


»u.. 


c,™. 


DlUD. 


c„™. 


DUun. 


c«.„ 


Dlua. 


c,™ 


Plum. 


n,™ 


Dlmm. 


C^. 


DI...Ua„. 


Dlun. 


Clrara. 


ft. In. 








It. In. 






























6 


l' B 
1 9 


l' l' 


3 HI 
3 9j 
3 9j 


1 8 


b 8 

5 8 
S 9 


2' 3' 


7 S 
7 9 


210' 


9 8 
9 9 
9 9 


3' s' 


1! Si 
11 SI 




13 S{ 
13 Pi 
13 91 
13 9J 


4 7* 

1 

i 

i 


15 8 
15 S 
15 9 
15 9: 


s' 2 17 8 

17 8 

:i7 9 

;i7 9 


5 9' 


19 91 




1 10 




3 lOi 








7 lb 




9 10 




11 lOJ 






I la 10 


!l7 10 




IS 10 




1 10 




3 10i 




5 in 




7 lOi 








11 10! 




13 lOJ 


i |15 101 


117 lOJ 




19 lOi 




1 n 




3 11 




5 11 








9 11 




11 lOi 




13 lOi 


i 15 U,l 


17 lOJ 




19 lOJ 




1 111 




3 Hi 




5 llj 




_7_IU 




a "i 




II llj 




13 llj 




15 HI 


17 lit 




19 111 


7 


1 11 


1 3 


3 11 


I 9 


5 11 


2 4 


7 IH 


2 U 


9 llj 


3 G 


II 11 


4 1 


13 11 


4 8 


15 llj 


S 3 17 11] 


5 10 


19 lit 


i 








i 




1 


8 Oi 


I 


10 Oj 






1 






16 0) 


18 01 


1 


20 01 


i 


2 






1 


6 


1 




1 


10 Oj 




12 


i 


U 0, 




16 o| 


|18 01 


J 


20 01 


1 


9 I 




4 I 




G 1 


i 


8 11 


j 


10 1| 




12 1 


i 






16 1 


18 1 


i 


20 1 




a 1 
s a 




4 1 
4 3 


1 


6 1 
6 3 




i J' 


1 


IS J' 




12 1 


i 
i 


IJl! 




16 1 
IS 1 






20 1 




3 s 




4 21 




6 21 




8 !j 


i 


10 21 




12 2 


1 


U 2i 




16 a 


18 2| 








12 




4 SJ 


I 


1_^ 




B j! 


i 


10 i\ 




12 a 


l_ 


14 2J 




16 2 


18 2J 




20 2 


8 


2 3 


I 3 


* as 


1 10 


6 3 


r~5 


» s; 


3 


10 31 


3 7 


12 3 


4 3 


14 31 


4 9 


16 31 


5 4 18 31 


5 11 


20" 31 


i 


B 3 


1 


* 3i 








8 .11 




10 Si 


1 


la 3 


1 






IB 3| 




118 31 


i 


20 31 


1 


3 4 
3 4 


1 


4 4j 
4 4J 




G 4 




8 4i 




ISJi 


1 


12 4 
12 4 


i 


14 4 




16 4 
16 4 




118 4 


1 


20 4' 
20 4 




9 E 








6 5 




8 5 




10 5 








U 4 




















4 5i 




6 SJ 




B 51 




10 6i 








14 5 




16 5 




18 51 












* n 




fi 5J 




8 5 




to 5J 




la 5 




14 5 




16 5 




13 5j 




90 5 




3 Bj 


i^ 


* fit 




6 G| 




8 61 




10 61 


J 


13 G 




14 6 




16 6 




18 61 


i 


20 6 


9 


9 6J 

9 7: 

1 1' 
III 

3 9i 
3 9: 




4 6) 

* 'S 

ii 

4 9J 


1 11 


G G] 

lli 

6 8 
6 B 

e 9 

6 9 


2 6 


8 6] 
8 71 

III 

8 91 
8 9J 


3 1 


10 61 

10 ?] 
10 71 
10 8 
10 8J 
10 BJ 
10 9| 
10 9J 


3 8 
i 

1 

1 
i 

I 


12 6| 
12 7 

IS e 

19 8 
19 9 
12 9 




1 4 n 

14 7 
14 7 
U 7 

14 e 

14 8 
14 9 




iIT 

16 7 

16 9 
16 9 


5 5 18 65 
I'lB 7 

i!;« I 

|18 8 


G 


20 61 


10 


a 101 


1 5 


4 inj 


2~~0~ 


6 101 


2 7 


8 lOJ 


3 a 


10 101 


3 9 


12 10 


4 4 


14 10 


4 11 


16 10 


5 6 'i8 in 




2 11 
9 11 




y4 




6 lOJ 




8 11 


1 


10 10! 

10 11 




12 10 

13 10 




14 10 
14 11 
14 II 


j 


16 lOJ 
16 lOi 
16 11. 
16 11; 


Ills IS 

i 18 11 

lis 11 












s oi 




7 




9 


i 


11 




13 




15 




17 0, 


19 o; 












5 Oi 




7 




9 


i 


11 




13 




15 




17 Oi 


,19 01 








3 1 




5 IJ 




7 1 




9 1 


I 


11 IJ 




13 1 




15 1 


1 


17 1 


19 1 






11 


3 Ij 


1 6 


5 IJ 


a 1 


7 IJ 


2 8 


9 1! 


3 a 


11 IJ 


3 10 


13 1 


4 5 


15 I 


5 


17 1 


3 7 |l9 IJ 


i 










7 a 




9 2 


1 






13 1 




IS 1 
























7 a 




9 a) 


i 


11 Sj 








15 2 








li. 2j 






\ 


3 3 




6 S 




7 2 




9 2J 




11 2i 




13 a 




IS 2 








'19 2j 












5 3 




7 31 




9 3) 




11 31 




13 3 








17 3 




[19 3J 








3 3 




5 3 








9 3) 




11 31 




13 3 




13 3 




17 3 




|19 31 




















9 41 




11 41 




13 4 








17 4 












3 * 




S 4 




7 4 




9 41 




" *i 




13 41 




|5_41 




17 4i 




19 4J 






1 


3 5 


1 7 


5 5 


3 2 


7 5 


2 9 


9 5 


3 4 


11 3 


3 11 


13 4 


4 G 




S 1 


17 4J 


S 8 Ii9 41 


i 


3 5 


) 


5 5 




7 5J 




9 5 




11 5 


1 


13 5 


J 


11 5^ 




17 51 




19 5 






1 


3 5 




5 5 




r i 




9 a 




11 5 


1 


13 a 


1 






17 5i 




19 5 










1 


5 6 








9 G 








13 6 




IS Gi 




17 6J 




19 G 




















9 G 








13 6 




15 6| 




17 6} 




19 6 




























13 7 




15 7 






|]9 T 




















9 7 








13 71 




IS 7) 


,17 78 




.19 71 








3 B 




5 8 




7 8 




9 8 


11 B 


13 71 




15 7J 


!l7 71 


119 n 







tire if contrive, and the flan^ edge cciiivei i nliile Ibe dde which in oflcr- 
vanlt lobchentinlo contact wi(S the cyilndrical enrfuce of the -wlieel 'le a 
plane. By thUmenoithe ndilllion to the diameter of two thirds the ihick- 
aCM of the flange ii annecsMary : for the cunirgof theflouEefdgeliaa the 
effect of increaaina the real length when only the chord if (he arc U 
jceaaured for llie circumference. The radius of tlie curve in -which the 
tires are Gnthent may be lafely taken ai fonr timet the ciKnmferenee of 
the boopor wheel. lathe fbrm of rules, tbeu rcGultiiiill be,Ertt: — -wben 
the tire ii Mnight 

Rmx. — Add the tkichun of Iht tump, aitd tao-thirdi tlit ihichiai irf At 
Jlangt (o Hit diameta; and find At corrttponding eirxMni/tratct. 

Jbid when tb« tin U mrred it vill be :— 



f the hoop la Oe diamler, tad Jixd lit 

Id calculating the lengft of angle iron required for a given diameter 
the tables givea above, obtained ttom a work by Mr. Foden, which ii little 
known, are to be used instead of the table of ■circumferences of circles. 
The first of t!ie«e is for iron, in which the auRle or flange u outside, and 
ibeser.ond for iron, in which the angle or tijiipe ii inside. When the 
anple is onuide. its total breadth iiiii^t bo aiUnl to the internal diameter, 
and (he circumference found in the mlile markwl, angle outside." And 
vhen The angle m inside, the breadth of the angle must be subtracted fixnn 
the diameter, which, in this case, la theexlemS diameter, and the circnin- 
ferrnce found in Che table marked, " angle insido." We here add a table 
of the dimeoNons of the parts of LocomotJTei 
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Tabu of Dimensions of the Paris of Locomotive Engines. 



Table of Dimensions of the Parts of Locomotive Engines. 



NAMB OF RAILWAY. 


Belgliim. 


Bordeftux aud La 
Testa. 


North Midland 
Counllet. 


Northern and 
EaiternCountiei. 


Great Western. 


Hartlepool. 




ft. in. 


ft. in. 


ft in. 


ft. 


in. 


ft. in. 


ft. in. 


Width of Railway between rails • - - • 


4 8i 


4 8i 


4 81 


5 





7 


4 81 


Diameter of boiler (inside) - - - - 


3 4i 


3 1| 


3 7\ 


3 


n 


3 111 


3 51 


Length of ditto ------ 


8 2 


8 9 


8 6 


8 





8 6 


8 6 


Thickness of plates - - . - - 


0} 


Oft 


0| 





0| 


0} 


Of 


Length of outside fire-box . - - - 


3 8} 


8 4i 


4 


4 


OJ 


4 6 


3 7 


Breadth of ditto - - • - - 


4 


3 94 


4 


4 


01 


4 8 


4 1 


Depth below boiler - - - . - 
Height above ditto - - . - - 


2 


1 8 


2 2 


2 


2 


2 3 


2 01 


4J 


not ascertained 


S 7 


2 


7 


3 1 


41 


Thickness of plates - - . - - 


0] 


0} 


o| 





0| 


0} 


Of 


Length of instde fire-box . . . - 


3 0^ 


2 8 


3 3| 


3 


3| 


3 81 


a 101 


Breadth of ditto- - - - - - 


3 4i 


3 2 


3 4} 


3 


*i 


3 10{ 


3 51 


Thickness of copper plates . . - - 


Of 


0} 


0} 





o| 


01 


01 


Extra thickness of ditto for insertion of tubes 


of 


0| 


0} 





0| 


0} 


01 


From bottom of fire-box to top of fire-bars 


8 


••• 


9 




• •• 


9 


8 


From top of fire-bars to crown of fire-box 


3 4i 


••• 


3 7i 




• •• 


•.• 


3 5 


Area of fire-grate in sup. feet -. - - - 


10 2i 


••• 


11 2 


11 


3 


12 10 


9 101 


Length of smoke-box (inside) - - - - 


1 ll| 


1 111 


2 1 


2 


1 


2 21 


2 1 


Breadth of ditto (outside) - - . - 


3 11) 


4 1 


4 2 


4 


2| 


5 21 


4 '2 


Thickness of tube plate - - - - - 


0| 


0) 


0) 





01 


Of 


01 


Ditto of side plates - - - - - 


o| 


0\ 


0\ 





01 


01 


01 


Diameter of chimney (inside) - - - - 


1 0] 


1 


1 2 


1 


2 


1 4 


1 2 


Height of top of ditto from rails - - - - 


• •• 


13 


14 


13 


6 


14 10 


13 6 


Number of brass tubes - - - - - 


86 


94 


123 




121 


131 


105 


Exterior of diameter of ditto - . . - 


2) 


2 


5115 at 2 > 
{ 8 at If J 





2 


r 127 at 2 T 
\ and 4 at If j 


2 


Thickness of tubes.— Wire gauge - - - 


Nal4 


No. 14 


No. 14 


Na 14. 1 


No. 12 


Nal4 


Distance from centre to centre of tubes - - - 


3 


2} 


2} 





2f 


2} 


2} 


Diameter of steam dome (inside) ... 


1 5 


• • • 


• •• 




••• 


• •• 


1 7 


Height of ditto .---.- 


2 7} 


• • • 


• • • 




... 


• •• 


2 7f 


Diameter of safety valves - - . - 


2} and 3 


3) and 3} 


4 and 4 


4 


and i 


3} and 3} 


21 and 3 


Diameter of inside copper steam-pipe . . - 


5 


5 


6) 





61 


61 


61 


Thickness of ditto. — Wire gauge . . - 


No. 10 


Na 10 


•• • 




..• 


No. 10 


No. 10 


Diameter of branch steam pipes (inside) - - - 


3) 


3i 


4J 





H 


41 


41 


Diameter of top of blast pipe (inside) - - - 


2l 


2J 


3 





3 


3{ 


8 




1 o| 


1 


1 2 


1 


2 


1 3 


1 2 


Length of stroke . . - . - 


1 6 


1 6 


1 6 


1 


6 


1 6 


I 6 


Distance of centres of cylinders - - - - 


2 5 


2 5 


2 5 


2 


5 


3 


2 5 


Size of steam ports - - - - - 


11 X 1 


9i X 1 


11 X H 


11 


X 1} 


11 X 1) 


11 X 11 


Ditto of eduction ports - - - - - 


11 X 2 


9| X 2 


11 X 2i 


11 


X 21 


11 X 2f 


11 X 21 


Breadth of bridge between ports . . - 


oi 


Of 


ot 





Of 


Of 


Of 


Lead of slide valves - - - - - 


Oft 


0\ 


Oft 





Oft 


•«• 


Oft 


Cover of ditto ------ 


Oft 


Oj 


oi 





01 


0] 


Oft 


Distance from centre of cylinder to centre of steam chest 


11 


•.• 


' 21 


1 


0* 


1 2 


1 01 


Thickness of piston - - - - - 


3j 


3| 




^ 


4 


H 


Diameter of piston rod - - - - - 


2 


2 


2 




2 


21 


2 


Ditto of valve spindle - - - - - 


oj 


1 


1 




1 


n 


1 


Ditto of pump ram - - - . - 


li 


2 


2 




2 


21 


2 


Length of pump lever - - . - - 


6i 


None 


6| 




H 


None 


6ft 


Diameter of ball valves - - 


2 


2ft 


2ft 




2ft 


2i 


2ft 


Ditto of union and suction pipes (inside) 


1| 


n 


IJ 




If 


21 


H 


Diameter of driving wheels . . . - 


a 6 


6 


5 


6 





7 


4 6 


Tyres of ditto in centre of tread - - - - 
Diameter of leading wheels - . - . 


• • • 


6x1} 


7 X If 


7 


X 1} 


51 X 2 


51 X If 


3 9 


4 


5 


4 


oi 


4 


4 6 


Tyres of ditto ------ 


• • • 


H X li 


6x1} 


6 


X 


51 X 2 


51 X If 


Diameter of trailing wheels - - - - 


3 9 


4 


3 6 


4 





4 


None 


Tyres of ditto ------ 


• • • 


5J X IJ 


6 X 1{ 


6 


X H 


51 X 2 




Diameter of plain part of cranked axle - - - 


*J 


5 


H 




51 


«i 


51 


Ditto of inside bearings - - - - - 


5 


5 


5} 




6} 


61 


5| 


Length of ditto ------ 

Radius of ditto ------ 


3) and 3 


3 


.3J and 3 


3i 


and 3 


4 


3 


t\ and 2] 


2i 


2|{ X 2ft 


2ft 


,and2U 


51 


2ft 


Diameter of crank pins - - - - - 


5 


.5 


5} 




5J 


61 


5| 


Len^h of ditto ------ 

Radius of ditto ------ 


3 


3 


3 




3 


4 


3 


2J 


n 


2ft 




2ft 


5i 


2ft 


Diameter of outside bearings - . - - 


31 


3i 


3J 




3} 


4 


31 


Length of ditto - - - - 


. ^i 


. -^i 


. . ^* 




51 


6i 


51 


Diameter of bosses on axle for eccentrics 


6{ and 4^ 


5 and 5 


7 and 5| 


7 


X 51 


71 and 6} 


7x5} 


Ditto of ditto for driving wheels - - - 


H 


H 


H 




61 


n 


6 


Length of ditto for ditto . - - - 


n 


7| 


H 




7 


*• • 


71 


Diameter of axle for leading wheels 


3J 


4 


5 




4 


61 and 4} 


H 


Ditto of bearings for ditto - - - - 


^ 

^ 


SJ 


3| 




3 


31 


31 




H 


51 




5 


61 


51 


Diameter of boss for wheels - - - - 


4 


a 


H 




6 


5| 


5} 


length of boss for ditto - - - - - 


6 


7 


H 




7 


8 


9 


Diameter of axle for trailmg wheels - - - 


3 


4 


H 




4 


61 X 41 




Ditto of bearing - - - - - 


3J, 


34 


3| 




3 


31 




Length of bearings - - - - - 


H 


H 


5i 




5 


61 




Diameter of boss for wheels - - - - 


H 


5 


5 




5 


5j 




1 Length of boss ------ 


6i 


7 


8 




7 


8 




1 Diameter of boss on axle for outside cranks 


Nono 


None 


4J 




.•• 


None 


-H 



Table qfDimetuions of the Parts of Locomotive Enginei. 



KAMB OF RAILWAY. 



Length of boss on axle for outside cranks 
Length of outside cranks from centre to centre - 
Diameter of plain pin on ditto .... 

Length of plain pin ..... 

Diameter of ball pin ..... 

Outside frame (extreme breadth) ... 

Length of ditto ...... 

Depth of frame sides ..... 

Thickness of ditto • • . . . 

Thickness of side plates - - • - . 

Ditto of horn plates • • . • . 

Length of driving-wheel springs ... 

Breadth of ditto ---..• 

Number of plates . . • . . 

Length of leading wheel springs ... 

Breadth of ditto ...... 

Number of plates ..... 

Length of trailing-wheel springs ... 

Breadth of ditto - . . . . . 

Number of plates ..... 

Diameter of eccentrics . > . - . 

Throw of ditto -..--- 
Breadth of ditto (brass hoops) .... 
Diameter of valve gear shafts .... 
Diameter of journals to ditto .... 
Length of journal ..... 

Length of slide levers ..... 
Length of fork-end levers .... 

Diameter of ferrules ..... 
Length of lifting levers ..... 
Length of reversing levers .... 

Distance between motion bars .... 
Diameter of ball on cross-head spindle ... 
Diameter of connecting rods in middle ... 
Inside horn bars- . . . . . 

Distance from centre of crank axle to fire-box . 
Distance from centre of crank axle to centre of leading 

axle .....-• 
Distance frt>m centre of crank axle to centre of trailing 

axle ....... 



Belgium. 



ft. 



in. 



None 



... 



) 



6 4 

18 3 

7 

4 

0| 

0| 
2 8 

3 
r 2 at Oj 
\ 12 at 
EUip. 2 2 

3 
r 2 at 04 
1 11 atOJ 
EUip. 2 2 

3 
2 at Of^ 
8 atO) 
10} and 12J 

^ 

5 

10 
12 and 10 

8J 
3 



{ 



4 
1 

5 

5 



X 1 
C 

6 

6 



Bordeaux and La 
Tute. 



In the construction of the boilers for these engines, the cylindrical parts 
0f each are fixed to the smoke and fire-boxes, by 2\ inch angle irons round 
the upper, and 3 inch angle irons round the lower half of the boiler, firmly 
rivet^ with ) of an inch rivets. The tops of the outside fire-boxes of the 
engines for the North Blidland, Northern and f^astem Counties, and the 
Great Western Railways, are worked into a dome-shaped figure, by which 
means the advantage is obtained of placing the regulator, with its appen- 
dages, immediately over the inside fire-box. The man-hole, being also 
placed in this dome, admits of a free access to the interior of the boiler. 

The outside fire-boxes for the engines of the Belgium railways, having 
few semicircular tops, the steam domes are fixed on the cylindrical part of 
the boiler, and the regulators fixed to the tube-plate of the smoke-box. 
The inside fire-boxes are formed of copper plates of the dimensions shown ; 
tliat portion of the tube-plate, necessary for the insenion of the tubes, 
being increased in thickness in order to increase its stability, as well as to 
assist in the more perfect securing of the tubes. The opening, in the front 
plate for the smoke-box doors, is, in all respects, sufficiently large to admit 
of free working room, for the removal and reinstatement of the copper 
tabes of the boUer, as occasion may require. 

In the inside fire-boxes of the engines for the Great Western Railway, 
there are low hollow partitions, forming a clear water-space of four inches 
across the box ; in the sides of this box, to which the partition is rivetted, 
apertures, eight, by four inches, are cut so as to allow of the free escape of 
steam from this division. The cylinders in the whole of the engines here 
enumerated are fixed in the lower part of the cavity of the smoke-box, 
and firmly bolted to the front and back plates, these plates being cut to re- 
ceive the same. The pipes from the eduction ports (excepting in the 
engines for the Great Western Railway) are cast on the body of the cylin- 
ders, and extending across towards the middle, and uniting with its corre- 
sponding pipe, is strongly bolted thereto ; on the upper surfaces of these 
pipes, flaoches are cast with an horizontal plane, upon which the blast 
pipes are fixed. The blast pipe of copper, of a conical or pyramidal shape, 
formed with flanches at the bottom, is placed immediately over the junction 
of the pipes frova. the eduction ports, and firmly bolted thereto. 

The pumps are fixed either directly or indirectly to the outer bars of the 
inside framework, as the shape and position of the parts may require ; the 
isou of the engines for the Great Western Railway are worked imme* 



ft. in. 

... 
None 



••• 



6 
18 



4 

^ 

7 

4 

0| 
0| 



••• 
••• 
••• 
••• 
..• 
••• 
••• 
••• 
..« 
••• 
••• 



If 

2J 
If 
21 
5 

5 and 4,^ 

n 




n 

3 

n 

6 



1 
1 



3| 
1 



2 



3} 



North Midland 
Counties. 



ft. in. 

■. ?i 

If 
2 

2H 
6 5 

18 3 

n 

4 

0| 
0| 

2 9 

latOl 
I2at0^ 
2 9 

4 
1 atO} 
14at0^ 
£llip.2 
3 
1 atOj 
6 at OA 
1 l' 

^ 

^ 

6 
6 

n 

1 

12 and 10 

7 

2{ 

M 
6 



31 
1 



6 



Northern and 
BaitemCountiet. 



ft. 



in. 



6 81 


18 2} 

n 

4 


0| 
OJ 

2 9 


3i 

1 ato} 
14 at 0{J 
EUip. 2 
3 


latOl 
11 at 0^0 
Ellip.2 
3 


1 at 01 
6at5A 
I 1 


i|i 

n 

21 
6 


6 


1 



12 and 10 

n 
If 

6 



91 



31 
1 



Great Wntnu. 



ft. in. 

••• 
None 

• • • 

None 
••* 
8 9i 

20 4 

8 

4i 

0| 

01 
2 6 

31 
2 at 01 

lOatO^ 

2 3 

3i 
2 atO} 

10 at OA 
2 3 

31 
2at0i 

8at0^ 

1 IJ 

Ironli 

2J 
2 

61 

1 3 

1 3 

1 Of 

3J 

2i 
41 X 11 
1 5} 



Hartlepool 



• I 



ft. 
1 



6 
18 



in. 
3i 

2 

2| 

3| 
3 

n 

4 

0| 

01 



121 



1 
1 



3i 
1 



xll} 
If 

;i 

n 

6 
6 
3 



SI 
ii 

X IJ 

3 

101 






None 



diately from the spindle of the cross-head; those of the North Midland and 
the Belgium engines, by an arm or lever attached to the piston-rod. The 
whole of the valve-gear, as well as the carriages for the cross-head guide- 
bars, are supported in their position by strong iron framework, technically 
called horn bars. These bars extend from the back plate of the smoke-box 
to the front plate of the outside fire-box, and are bolted to lugs fixed thereon 
to receive the ends of the bars. These bars also serve the purpose of stay- 
ing the crank axle by means of horns, which are worked on the bars, and 
in which the bearings are fixed. The inner horn bars of the engines for 
the North Midland, the Belgium, and the North Eastern Railways, extend 
in a parallel direction, from the smoke-box to the extreme length of the 
guide-bars ; and from thence obliquely in a Y-shaped form, uniting with 
each other, and forming, with the two outside horn bars, a third stay to 
the crank axle. 

The construction of the valve-gear of the engine for the Bordeaux and 
La Teste Railway, differs widely in iu details from the rest of the engines 
here noted. The eccentric bosses are placed close to each other, in the 
middle of the driving-wheel axle, the end of each eccentric rod being fur- 
nished with a pin on which the ferrules are placed, instead of forked ends, 
as have been hitherto generally adopted. On the shaft which gives motion 
to the valve lever is fixed a double lever, with forked ends ; in the hollow 
of each fork a socket is formed for the reception of the pin and ferrule on 
the end of the eccentric rod ; and of such depth as to allow the lever to 
have a throw, variable from 4^ to 5 inches. Each of these fork-ended 
levers are placed in a vertical position with each other, but acting in opposite 
directions upon the inner end of the valve shaft. The eccentric rod ends 
are connected with a lever on the reversing shaft, by lifting and lowering 
links, which not only admit of the eccentrics being thrown in or out of 
gear, but also allow of a greater or less degree of travel to the slide-valve, 
by increasing or diminishing the throw of the fork-ended lever. The pecu- 
liar advantage of the plan thus adopted is obvious from the economy in the 
saving of steam, the travel of the slide being regulated so as to admit^ of 
no more steam into the cylinder than what is necessary to propel the engine 
at the velocity required. The link motion, latterly introduced by Mr. 
Stephenson, has, to a great extent, superseded the fork-ended levers, and it 
is a greatly preferable arrangement The link motion is represented at 
page 238. 



Me^anwal Pawer o/ ttteam. 



CHAPTER V. 



MECHANICAL POWER OF STEAM. 



HATiMa coDsidered, U coniiderable kngtb, die gencnl prop«rtie*of iteam, 

lh> eoDneciion labaUtiiig betveeo iti leniperatare and in elutic fi>rc«, and 
■Uo Ihe different meuii of generating gteam, «e may Dov proceed to con- 
■ider ill mechinical efftet, or the power of iteam to accomplish a nsefol 
purpose. The mechanieal effect of iteam is brought into action in three 
different ways, «hich we may call Generation, CoiidenMtion, and Expso- 
sion. The whole of theie forces are bronght into operation in an ordinary 
condeniing (team engine of modeni conBlructiODi nevertheleea it maybe 
utffal to congider the effect of each separately. A popular expoaition will 
suffice to illustrate our viewi upon this subject 




Let A B,^. 173., be a tnbeor cylinder, and let us suppose thai the are« of 
the base is one square inch. Let it be sapposed, also, that a piston P moves 
in the cylinder so as to be steam tight, and that there is a cubic inch of 
water between the bottom of the cylinder and Ihe bottom of the piston, so 
that the distsoce of the piston &om the bollom is one inch ; and forther, 
that the weight of the piston is oODuterbalanced by a weight W acting over 
the pulley, so that there is no force acting upon the piston, except the 
weight of the superincumbetit air. Under these circumstances, the piston, 
being in contact with the water, and consequently all air eicluded, it will 
be pressed down by the weight of the atmosphere. If we suppose that the 
pressure of the atmosphere is constant, and eqnal to 1 5 lbs. on the sqaare 
inch, then the only pressore on the piston is IS lbs. ; for its area is, by 
hypothesis, one square inch. Let the flame of a lamp or other homing 
substance be now applied to the bottom of the cylinder. The temperature 
of Ihe water will gradually arise, till it has attained a temperalare a little 
above 812° Fahrenheit; and then it will begin to boil, since, by supposition, 
it is only subjected to a pressure of IS lbs. per square inch. The steam will 
gradually force up the piston until the water has all evaporated. Now, 
as has been mentioned in a former pan of this work, a cuMc inch of water 
produces about 1700 cnbic inclies of steam at a temperatiire of !13 ; if. 
therefore, the tube were constructed of sufficient length, the piston would 
rise to about I'OO inches above the base of the cylinder. In so doing, it 
must obvioosly have raited ISlba. lo a height of 1700 inches, or 142 feet 



This represents the mechanical force of the st< 
enhieinch of water at temperature 912°. 

It is evident that 15 lbs. raised 1«S feet, is equivalent to I lb. raised 
142 X 15 feet »' 3130 feel high, or to 142 < IS— 2130 lh«. raised one foot 
high. Now, one ton is equal to 2240 lbs., which differs from 2130 
ooly by 110; so thu we may say in round numbers, that the evapoTBtion 
of one cubic inch of water, under the circumstances «e have supposed, 
geueratea a force which would raise one too a foot high. The aogmentation 
of volume which any quantity of water undergoes in passing into steam, 
imder the pressure which we have supposed, may easily be remembered, 
from the accidental circumstance that water expands to about 173B or 13* 
times its bulk in passing into steam — as if each of Uie particles of steam 
were 12 times more distant from the adjoining particle than bappens in 
water. The facts here generally stated may be readily retained in the 
memory imder the foUowmg forms : — 

1. A cubic Inch of water, evaporated under the ordinary atmospheric 
pressure, is converted into about a cabio foot of steam. 

2. A cubic inch of water, evaporated under the atmospheric pressure, 
gives a meebanical force equal to what wotild raise about a ton weight a 
foot high. 

We DOW proceed to determine the efficacy of the steam generated troai a 
certain quantity of water, under a pressure different tmm that of the at- 
mospbere. Let us suppose the pistoa P to be restored again to its original 
position, with the water below it; and, in addition to the weight of the 
atmosphere which before pressed it down, let as suppose another weight of 
IS lbs. placed upon it so that tbe water is now pressed by a force of 30 lbs. 
If fire were now to be applied to the c; Under, the temperature of the water 
would gradually rise till the boiling commenced. It is well known thai the 
temperature would be higher in this case than tbe previous one. The boil- 
ing point for the ordinary atmospheric pressure is 312°, bat for two atmo- 
sfJieres it is shown bj experiment to be about 250°. When the temperature, 
c^the water had risen to 2S0°, tbe piston would then begin to ascend, and 
the water to be gradually converted into steam. After the water bas com- 
pletely evaporated, it will be found that the piston stands about 73 feet 
above the base of the cylinder, or a little more than half its height in die 
previous case. Taking it for the present as granted, that it is exactly one 
half the former height, then it is obvious that the mechanical effect of 
the steam is the same as formerly, since it is equivalent to double the 
former weight raised one half the former height. 

Again, suppose the piston to be restored to its original position ; and 
suppose it to be loaded with 30 lbs ; so tbat the water is sul^ected to the 
pressure of three atmospheres. Then applying the heat as Ibrmerly, it 
would be found that when the water has wholly evaporated, the fuston 
would stand a littie more than 47 f^t high. Bo that in this case the 
mechanical effect is very nearly Ihe same, since a triple weight is onlj 
raised one third tbe height 

In general, as the pressure on the piston is increased, the hei^t to which 
the piston would be raised by the evaporation of the waur will be. 
diminished, and that very nearly in the same proportion, so that at what- 
--'cr temperaturesleam is generated,an equal bulk of water produces very. 






equal amount of mechanical force. In the first case, however, it 
IS to DC remarked, the pressure of tbe atmosphere has only been overcome, 
and therefore tbe pistoa with sach a pressure could exert no effective 
power. The loss tVom this source becomes less as the pressure is increased, 
and in locomotive engines the loss tWun the atmospberio pressure is llltie 
more than that arising from the rare vapour in condensing engines. 

In the preceding remarks we have mentioned that tbe height lo which the 
piston is raised, is not exactly inversely proportional to Ihe pressore, leaving 
out of the account Ihe toss arising from the presence of tbe almosphere. 
The difference arises from the di^r^ice in the temperatures at the com- 
mencement of the formation of steam. If the temperature at which ths 
water is converted into steam, under the different pressures which we have 
supposed, continued constant then the height to which the piston would be . 
raised by the evaporation of the water would be diminished in precisely 
the same proportion as the pressure on the piston is increased. In tbat, 
ease the meehaoiwJ eJEfegnJ a detenniime quantity of water would remain. 
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exactly the same under whatever pressure the water might be boiled, sup- 
posing that there were a vacuum above the piston. But since the water 
boils at different temperatures, the mechanical effect of a ^ven volume of 
steam varies — slightly increasing with the pressure. It would appear 
fW>m this that the most advantageous development of the power of steam 
u obtained by using steam with a great elasticity; and this, so far as it goes, 
would seem to say that the most economical application of steam obtains in 
a high-pressure engine. It may easily be shown, however, that the su- 
periority from this cause is very small indeed. Thus applying the received 
laws, it is found by a simple calculation that the temperatures being 
successively 

2X29 

Theory indicates that the 
>- mechanical effect would be< 
proportional to the number. 



636® 
1060° 
2112° 




8o that the maximum effect of a determinate quantity of heat or com- 
bustible, employed in generating steam at 424® or 15 atmospheres of 
pressure, is about one-third more than the maximum effect corresponding 
to the case in which steam is generated at 212''» or at one atmosphere of 
pressure. To obtain the double of this latter effect the steam must be 
generated at a higher temperature than 636'% that is to say, under a greater 
pressure than 85 atmospheres. Hence we may conclude fVom these results, 
that there can be very little advantage in respect of economy of fuel in 
generating steam at very high pressures. We shall explain afterwards the 
law according to which the variation of temperature in the water and steam 
modifies the mechanical effect In the meantime, however, as the effect is 
very nearly constant, especially within the limits of practice, it may be 
usefhl to remember the following important practical conclusion. 

** A cubic inch of water converted into steam will supply a mechanical 
force very nearly equal to a ton weight raised a foot high ; and this force 
will not be subject to considerable variation, whatever be the temperature 
or pressure at which the water may be evaporated, provided the steam 
does not act expansively, and that there is a vacuum above the piston." 

We have shown in page 42., formula (U), that the volume of steam 
generated from a unit of water, at temperature t and corresponding pres- 
sure/, is, 

75-67 (459 + Q 

/ 
where t expresses the temperature on FahrenheiVs scale, and /the elastic 
force of steam correspondmg to temperature f, as measured in inches of 
mercury. Hence, if P denote the whole pressure upon the water, ex- 
pressed in lbs., that is to say, the load + the atmospheric pressure, then, 
for the mechanical effect of a cubic foot of water converted into steam 
at temperature t, we have P lbs. raised 75*67 (459 + t)-i-^ieet high, or P x 
75*67' (459 + fy-i-f lbs. raised one foot high. Mow a height of/ inches of 
mercury produces a pressure of 70*75 x /lbs. on a square foot ; hence Pa 
70*75 x/. The mechanical force of the steam generated from a cubic 
foot of water, at temperature f, is therefore represented by 

70*75 x/x 75*67 x (469 + t)-i-f\hs. 

raised one foot high. By a little reduction we find, for the effect of a cubic 
foot of steam generated under the supposed circumstances, 5354 (459 + O^hs. 
raised one foot high. This effect, we perceive, depends upon the tempera- 
ture, and increases with it; but the increase is but small, especially within 
the limits of the pressures used in practice. Thus we may find what tem- 
perature steam ought to be generated at in order to produce double the 
mecluuiical effect of steam, generated from the same quantity of water, at 
the ordinary atmospheric pressure. It may be found, from the equation, 

f + 459»3 (459-I-212); 

or, ts459 +2 x 212=459 + 424=>883® 

This corresponds to an elastic force of about 1194 atmospheres, or 1 79 1 lbs. 
per square inch — a pressure very much exceeding any used in practice. 
It is obvious, howeyer, that this increased mechanical force is, so far as 
it goes, an argument in favour of the superiority of those engines which 
use steam of a high pressure ; but, if we consider that steam at an elevated 
temperature is Ukely to lose more of its elasticity from dispersion than 
steam of a low pressure, and also the increased dangers and expense of 
high-pressure engines, we may conclude that the advantage is in favour of 
the other system. We may remark that, in the above estimate of the 
mechanical effect of steam, we have neglected to consider the reduction 
arising from friction, waste, dispersion, and other circumstances which in 
practice modify the result. 

In illustrating the mechanical power of steam as brought into action by 
condensation, we shall use the same figure. Suppose that when the steam 
had raised the piston to 142 feet above the base of the cylinder, it were 
suddenly condensed, it is obvious that the piston would be impelled with a 
force equal to the pressure of the atmosphere on the piston, and through a 
height equal to that through which the piston had been raised by the gene- 
ration of the steam. In descending it is obvious that the piston would raise 
a weight attached to it equal to that due to the atmospheric pressure, and 
through a height exactly equal to the maximum height of the piston above 
the base of the cylinder. If a weight were placed upon the piston in addition 
to the atmoipheric pressure, then, as we said formerly, the piston would not 



rise to such a height, and consequently upon condensation the weight would 
not be raised so high either ; but to compensate for the deficiency the weight 
raised would be greater, and that very nearly in the same proportion. 
Hence the mechanical power of the steam of a given quantity of water as 
developed by condensation continues very nearly constant whatever be the 
force at which it is generated, the difference being in fkvour of the greatest 
pressure. We see from this that the mechanicid power of the steam of a 
given quantity of water u the same, whether it be developed by generation 
or by momentary condensation, and that it remains very nearly constant 
whatever be the temperature of the steam. 

In estimating the effect of condensation, we have supposed it to be 
momentary and complete. It is well known, however, that in practice this 
can never be the case. If the steam be slowly condensed, as it would be 
by applying external cold, with insufficient cooling sur&ce, the effect 
would be much reduced ; because the moving force at any period of the 
stroke would be only the difference between the elastic force of the steam 
and the atmospheric pressure. This does not, however, cause a sensible 
deviation fh>m the ratio of the power, it being proportionsi to the space the 
steam occupies. 

Before leaving this we may illustrate the method of developing the 
mechanical force of steam in the common high-pressure engine. Suppose, 
as in the last case, that a loaded piston has been raised, and that, instead of 
the steam being condensed, that a valve has been opened which allows it to 
escape ; then obviously the power which would have resulted from the con- 
densation will be lost. This loss is measured by the pressure of the 
atmosphere acting through the height to which the piston was raised by 
the steam ; and, as the greater the elastic force of the steam the less the 
height to which the piston is raised by the same weight of steam, it is 
obvious that the loss is smaller according as the temperature is greater. If, 
however, the valve aperture be too small, then the steam does not escape 
with the requisite rapidity, and a part of the load is applied to force it out, 
which is just so much of the effective force of the steam lost 

It is well known that the condensation is never complete, and there- 
fore it may be necessary to estimate the resistance which the vapour offers. 
Mow the resistance of the imperfectly-condensed steam acts through the 
whole space which it occupies m its elastic state ; that is, as we have shown, 
through 

75*67 (459 -hQ ^^^^ 

Hence, if/, denote the elastic force of the vapour as measured in inches 
of mercury, and therefore 70*75/, as measured in lbs. per square foot, 
then the mechanical effect of the uncondensed vapour is represented by 

'±«I^-5i±2x 70-75/. 

lbs. raised one foot This reduces to 

5354(459 + 0/ 

f 
lbs. raised one foot Hence, neglecting the waste and friction of the piston, 
we have for the mechanical effect of one cubic foot of water, as developed 
by condensation, 

5354 (459)+ { i_^} ^^354 (459^) (/-/.) 

lbs. raised one foot Before leaving this, we may also estimate the loss 
resulting from friction of the piston. Let / denote the friction of the 
piston, which friction we suppose constant It is obvious that this friction 
operates in exactly the same manner as the uncondensed steam. The 
mechanical loss resulting frx)m it will therefore be represented by 

5354 (459 + /a 

/ 
lbs. raised one foot Hence the mechanical effect of a cubic foot of water, 
as developed by condensing the corresponding quantity of steam, is repre- 
sented by 

5354 (459 + ( 1 - -^^ 1 = 5354 (459 + f>/z^J:/« 

lbs. raised one foot These formuls or equations have been determined on 
the supposition that exactly a cubic foot of water was used ; but we may 
obviously find the mechanical effect of any quantity of water, by merely 
multiplying by the number of cubic feet — We may now proceed to illus- 
trate the power of steam as developed by expansion. 

EXPANSION. 

The mechanical effect of expansion is most readily determined by the 
principles of the Integral Calculus, and we prefer a recourse to that analysis 
on the present occasion. Steam, like all other gases, follows the law of 
Mariotte, which may be stated in the following words: — "The volume 
of a given quantity of gas is inversely proportional to the pressure to which 
it is subjected." Before this law can be applied rigorously to steam, it is 
necessary to suppose the temperature constant throughout the whole ex- 
pansion—- a supposition which, though not strictly correct, is so nearly 
tme that we may reason upon it without material error 

This law of Mariotte, it will be observed, is virtually the same as that 
sUted at page 12., viz. that the pressure of all elastic fluids varies inversely 

U 
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fts the spaces they are made to occnpj. Thns, if a cubic foot of air or 
steam of the atmospheric density be compressed into the space of half a 
cnbic foot, the pressure -will be increased from 15 lbs. on the square inch 
to 30. It is easy, therefore, in an engine working expansively, when the 
initial pressure of the steam is known, and the part of the stroke at which 
the steam b cut off, to compute the terminal and all intermediate pressures, 
and the total force thus exerted during a stroke may be found approxi- 
mately with sufficient nearness for practical purposes. Thus, if an engine 
works with steam of 25 lbs. pressure above Uie atmosphere, the total pres- 
sure per square inch upon the piston at the commencement of the stroke 
will be 25 + 15 a 40 lbs., and if the steam be cut off at one-fourth of the 
stroke the dense steam admitted from the boiler will, at the termination of 
the stroke, have expanded into four times its original bulk, and its pressure 
will have been diminished to 10 lbs. on each square inch of the piston, 
being 5 lbs. below the atmospheric pressure. The pressure within the 
cylinder at half-stroke, when the steam has expanded into twice its original 
bulk, will be 20 lbs on the square inch, and its pressure at any other point 
may be easU]r computed, as it will just vary inversely as the space occupied. 
The figure given at page 12., shows the method of computing the pressure 
of the steam at the different stages of the stroke, the pressure of the dense 
steam entering fh>m the boiler bemg taken as unity. We shall, however, 
give another figure to illustrate our present observations. 

If a^ loaded piston be raised, by the conversion of a given quantity of 
water into steam, to the height corresponding to the load and temperature, 
then, if a part of the load be removed, the steam will expand until its elastic 
force balances the remaining load, together with the atmospheric pressure. 
It is obvious that the mechanical power, thus developed, is a complete gain. 
Thus it may be shown that when the steam is of high elastic force, and 
the load is entirely removed so as to allow die steam to expand till its 
elastic force balances the atmosphere, its mechanical effect is doubled by 
the arrangement. This is not, however, the most efficacious method of 
applying the principle of expansion. It may be developed with greater 
advantage if, instead of removing the weight at once, it be removed by 
degrees, allowing at each time uie steam to expand tiU its elastic force 
bidances the remaining load. We must, however, dismissing these general 
considerations, new show the method of calculating the mechanical effect 
gained by this method of working steam engines, which is one of the most 
miportant topics of which we have to treat 

Fig, 174. 




Suppose that when the piston is in the position E E„ fig, 174., the water 
is all converted into steam, equilibrium will then be established. If now the 
load be gradually removed, the steam will gradually expand ; and, as we 
said before, all the additional weight thus raised is so much mechanical 
power gained. The elasticity of the steam continually diminishing accord- 
ing to the law of Mariotte, let O E, represent the volume in expanding, 
and E E| the elastic force at the commencement of the expansion, and O S 
the volume, and P M the elastic force, after a part of the expansion : then^ 
according to the law of Mariotte, we have 



or, 

and therefore, 
Putting 



og: OE, :: EE, : PM; 

OMlOEiiEE^iPM; 
OMxPM«OExEE,. 



O M»x, P M»y, and area O E^ »a*, 
this equation becomes 

Those conversant with the theory of curves wiU perceive that this is the 
equation of the equilateral hyperbola referred to its asymptotes. 

In order that the piston should remain at rest in the position S M, 
it is necessary that the pressure upon the piston should equal the elastic 
force of the steam. K the load upon the piston be in the smallest degree 
below this, the piston will be forced up till the increased expansion has so 
diminished the elastic forceof the steam as just to balance the diminished load. 
Suppose, however, that the equilibrium is established, and that the piston 
remains at rest in the position S M. Let so much of the weight at once be re- 
moved as to allow the piston to move up to the position Q N. Then it is ob- 
vious that the mechanical effect gained by the generation of the steam only, 
has the same proportion to the mechanical effect gained by this small degree 
of expansion, as the rectangle O E^ has to the rectangle Q N x M N. The 
mechanical effect gained by removmg at once the load necessary to allow 
the piston to take the position Q N, is smaller than what would be gained 
by taking the load off gradually. The loss proceeding from this cause will 
be less as compared with the mechanical effect gained, in proportion .as 
N M is diminished, so that, to use the language of the Infinitesimal Calculus, 
if N M be infinitely small, then the loss will be nothing at all. When 
N M is infinitely small, then the rectangle Q N x N M is equal to the area 
Q N M P. Following out this reasoning, we find that if we represent the 
mechanical effect gained by generation, by the area O £,, then the 
mechanical effect gained by the expansion from O E to O S is represented 
bv the area E, P M E. It is shown by mathematical writers, that the area 
E, PME is equal to the area 0E| multiplied by the hyperbolic loga- 
rithm of OM-^OE. Hence it is not difficult to determine Uie effect of 
any given amount of expansion. 

In what precedes we have endeavoured to illustrate by a geometrical 
figure the amount of mechanical effect gained by expansion. We have 
chosen this method, because a sensible representation generally makes a 
more vivid and lasting impression than abstract reasoning. In order, 
however, that our readers may be made fully master of that which is 
generally considered so great a puzzle to the tyro, we proceed to consider it 
in a somewhat different light 

Let b denote either the bulk of the steam or the height through which 
the piston has risen, supposing the area of the base to be one square foot, 
before the expansive pressure is applied, and p its force, or the load on the 
piston, indudmg the atmospheric pressure ; let x denote its volume after a 
certain amount of expansion, then we find the proper load or force from 
the above-mentioned law, which gives us the analogy 

X :b : : p : force after expansion to bulk x. 
This gives us 

force after expansion to bulk x=»^—^ 

Now, suppose, in accordance with the spirit of the infinitesimal calculoi, 
that the force continues constant through a very small expansion denoted 
by J X ; then the mechanical effect gained by tms expansion will be repre- 
sented by ^ <f X. *If we could sum these from x^h to :rei<r, we would 

X 

find the mechanical effect gained by the corresponding expansion ; it is this 
summation which the integral calculus effects. Adopting the notation of 
the integral calculus we obtain, for the mechanical effect of the expansion 
from volume b to volume x, the expression 



/; 



'jpb dx t 1 _ * 
^ P 6 log. -J. 



mm 

In this expression log. -^ denotes the logarithm of the quantity jr-r& in 

the system whose base ise»2*7182818; that is, the common hyperbolic loga- 
rithms, a table of which we have given at page 25. We may express 
this result in a form more suited for practical application. Suppose the 
volume of steam before expansion to be to the volume after expansion in 
the proportion of 1 to n ; in other words let xsjt 6, then remembering that, 
as we have shown previously, 

p 6-5354(459 + 
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ve find tar (bm meclumici] effect of the ezpauaioa E ponadi imiied ooe Ibot 
high, «bi!r« 

E-5354 (459 + loS,"- 
^e Intn from thia tb*t nol onlr i< mechanical effect grained bj luing 
expantioo, but that there ia no Umit to thia giuD, if iteam be toppoaed 
to be infloitelj expansible, other than the inconveniences sriiing from 
the too extenitTa applicalicm of the principle in practice. The abore 
fttrnmbi will be nsetul for dctennining the amount of mechaaical^^ect 



N when the sieatn \» cot off at different parts of the stroke. If the ■' 
be ant off at 4 itrake, theti n a 2 ; if the ileam be cot off at j stroke, 
then 11—3) and genenlly, if Bteam be cat off at — stroke; then ii~iii, or 
more genetall; itill, if the ileam be cot off at ''- stroke, then k^ ^ - 

The mechanical effbet of » cubic foot of usier converted into steam, and 
then allowed to expand to a times its Tolume, is therefore represented by 

3354(459 + {l + IcK-"} 
lbs. raised one fool high. 

In order to find hov mncb the effect of the steun has been multiplied hv 
the Die of the expansiTe principle, it is only necessary to divide this result 
by the recnlt when expansion u not used 15354 x (453 +t)l. Thequolient 
i* 1 +lag, H. By using the table nf bjperbolic logarithms, which we have 

a'ven at page 25.. we can very easily find the effect of the expansion. To 
ostrate the method, suppose it were required to fiad how much the effect 
of the steam wai multiplied by cutting it off at] stroke. In this case n o J — 
1-3. The hyperbolic logarithm of this number is '3. Hence the effect of 
the (team is multiplied 1'3 times. As another example, suppose the steam 
was cut off at *^ stroke. In this case,ii — '^— 7-5. The hyperbolic logarithm 
of tbi* nnmber is S-OIS. Hence the effect of the steam is multiplied 3 OlS 

We may now consider the remits of the expansive principle when used 
in oombinalion with condensa^on. It is obvious that when the expansive 
principle is applied, that is, If the steam be to expand during its action on 
the piston, an increased length of cylinder is necessary. The fHetion of 
the piston, and tbe resistance of the uncocdensed vapour, therefore act 
through a greater space: a reduction of the gross effect will therefore 
fhllow from this cause which, so far as we have gone, we have totally over- 
looked. Tbe total mechanical effect of a cubic foot of water converted into 
steam, using expansion aad condensation, and making allowance for waste 
(i>r (HcUon of the piston, &c, and for resistance of the tincondensed steam, 
will be represented by 

5354 («9 + o{l + log. ■i- " - ^'*^-^' ^]" 
lbs. Tused one foot high. 

Since the mechanical effect increases with (he extent of expansion, and 
the mechanical loss resolting from the friction of the piston and the 
miitance of the imperfectly condensed steam also increase with the ex- 
pansion, it is obvious that there must be a certun expansion which gives 
the maximmn effect This will be foond by renderiog the preceding 



which obtains when log* r — 



/ 



63St (<59 + 0xloK, 



/ 
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formnlaa show, however, that the mechanical effect of the steam of a given 
quantity of water increases as the temperature at which the steam is ge- 
nerated; and as the Same quantity of fuel converts the same quantity of 
water into steam, whatever be tbe pressure, at least if the doctrine be con> 
ceded that the som of the latent and sensible heats of common steam form 
nearly a constant quantity, it would seem that the most advantageous use 
of steam is obtained by generating it at high temperatures. It may be 
observed, however, that within the limits of practice, the advantage gained 
by high pressure steam used without expansion is very small, to imelt 
indeed as not to compensate for the increased dangers attendant npon tbe 
use of steam of great elastic force. 

We may here give a table of some of the properties of steam, and of JU 
mechanical effects at different pressures. This table may help to solve 
many problems respecting tbe mechanical effect of steam, usually requiring 
much laborious calculation. 
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Iba. railed one ft>ot. 

Sappoeing that in well conttructed en^es there is a loss of ^ of the 
fteam t^ tlu waste spaces andotherwiiei then K — l~if^-9, and we have 
Ibr the i"»v""nin mechanical effect of the steam of a cubic foot of water 
in the best constructed engines 

4819 (459 -t-O" log. j^ 
Iba. raited one fbot high. 

if we take the tame proportion of waste, we find for the maximum effect 
of Meam when not uied expansively 
4BI9(459'»-0 

lbs. raited one foot high. Subtracting this from the former, we obtain for 
tbe B^^'"""' gain by expansion 

4819 (4B9 +0 {log. 7^+^-^ - 1} 

On. mieed one foot Ugh. , , 

^Hm •qnationt ahow at the Umita of steam power. It is not to be iup- 
pMd that in actual practice such resultt will be commonly obtained. The 



It is quite clear that although there Is no theoretical limit to the benefit 
derivable from expansion, there must be a limit in practice, arising from 
the fiiction incidental to the nse of very large cylinders, the magnitude of 
the deduction due to imcondensed vapour when the steam is of a very low 
presnire, and other circumstances which it is needless to relote. It is clear, 
too, that while the efficiency of the steam is increased by expansive action, 
the efficiency of the engine is diminished, unless the pressure of tbe steam 
or the speed of the piston be Increased corrcKpondingdy ; and that an enpne 
of any given sise will not exert the same power if made to operate expan- 
sively without any other alteration that would have been realised if the 
engine had been worked with the full pressure of the steam. In the Comtsh 
enginei, which work with steam of 40 lbs on the inch, the steam is cat off 
at one twelfth of the stroke ', but if the steam were cut off at one twelAh 
of tbe stroke in engines employing a very low pressure, it would probably be 
foirndthat there would be a loss rather than a gain from carrying the expan- 
sion so far, as the benefit might be more than neuEialised by the friction 
incidental to tbe use of so large a cylinder at would be necessary to accom- 
plish this expansion, and ouless the vacuum were a very good one there 
would be but little difference between the pressure of the steam at the end 
of tbe stroke and the pressure of the vapour in the condenser, so that the 
urging force might not at that point be sufficient to overcome the frictioa. 
In practice, therefore, in particular cases, expansion may be carried too &r, 
though theoretically tbe amount of the benefit increases with the amount 
of tbe expansion. 

The preceding invettigationa, coupled with the remarks on the subject 
of expansion given in pages it and 94., will probably moke the qoesiion 
tolerably plain to most readers ; but we must here introduce a simple prac- 
tical role to enable those who may not be familiar with mathematical 
symbols to determine the amount of benefit due to any particular measure 
of expansion. When expansion it performed bj an expansion valve, it is 
an easy thing to ascertain al what point of the stroke the valve it shut by 
the cam, and where expansion is performed by the slide valve the amount 
of expansion is easily determinable by the rnjes or tables given at pages 
89 and 90, when the lap and itroke of tlie valve are known. 

Tcjnd tlu Incmue iff Efficiency anting Jnm Kurliiwg Sltam txpaiuie^ 

RuLK. — Dividelht lobJlmglh of tht Itroke by At ditlanre (vhich caB \) 

Ihrough ichirh the mibtn monu btfore the tleam is cut off. The jfeperian 

logaritliiH of the ichole stroke ezpreManl in lermi of the pari of the ((role 

perforTneil icilk thi fnB preeiure of tfran, rrpreienU lie iaiiean a/ 
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EzampU r. Suppose thU llie pmsnre of the steam Korking an en^ne 
II 45 lb*. OD the tquare inch abore Ibe BtmDsphere, and that the U«uo il 
cut off at one fbnrth of the stroke ) That ii the increaie of efficiene; doe to 



If one fourth be reckoned as l.thea four fbortht niiitl be taken ai4,and 
by reference to psge 25. the Neperion or hyperbolic kgarithni of 1 will be 
found to be l'386, which is the increue of effieiency. The total efficiency 
of the qiuuility of ateam expended during a itroke. (hererore, whieb with- 
out ezpaniioD would bsTe been 1, becomei 2-386 when expanded iiilo 4 
timei iti balk, or, in round nomben, S'4, ai tCated at page 12. 

Ezampit II. Let the pressure of the ileam be the tame aa in the last 
example, aad let the steun be cat off at half-stroke : what, then, is the in- 
crease of eSciencj ? 

Here half the stroke is to be reckoned as 1, and the whole stroke has 
therefore to be reckoned as i. The hyperbolic logsrithm of 3 is "693, 
which is the increase of efficiency, and the total efficiency of the stroke is 
1-693, or 1-7 as stated at page la. 

We may here give « table to illnstrate the mechanical effect of steam 
under varying circanutances. The table shows the mecbaoical effect of 
the steam geaerated fh>m a enbic inch of water. Oar formnla gives the 
effect of a cabie foot of water-, but it cao be modified to give the effect of 
the sleam of a cabic inch by dividing by 172S. In this manner we find, 
fbr the mechanical effect of the steam of a Cubic inch of water, abont 3 
(459 4-p lbs. raised one foot high. The table shows that the mechanical 
effect iacreases with the temperatare. The increase is very rapid for 
umperainrea below 212°; bnt foriemperatores above this the iocreate is 
less ; tmd fbr the lemperatnres used in practice we may consider, without 
any material error, the mechanical effect as constanL 
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Before leaving this part of our subject, it may be usefiil to examine thtr 
mechanical effect of sleam as employed to produce rotatory motion. We 
think it the more advisable to pnnue this investigation, on accomit of the 
misconception that has prevailed upoD the sulgect In a great majority of 
the cases in which steam is employed, it is for the purpose of producing 
rotatory motion. In Ibe common reciprocating engine the rotatory modon 
is produced by the sgeucy of the ciwik. Upon a cursory eismina^n of 
the principle of the crank, it would seem that it absorbs a great amount of 
the mectuLuical effect of the steam, a great part of the effect of the steau 
being employed to produce a useless pressure. Engiaeers of some celebrit;r 
have fkUen into this error, imagining that in this case the machiiery ah- 
sorbed power instead of merely transmitting it; and thus controverting that 
great principle npon which we may consider mechanical science as founded, 
vis. that machinery or solid matter in general may obey force and modiij 
it, but it can never either create or consume it. Many engineers, however, 
who were perfectly aware of the generality of the law we have mentioned, 
and perceived that it subsisted m the case of the crank, have imagined 
that a theoretical benefit would be gained if the rotatory motion were pro- 
duced by the direct action of steam, instead of being obtained by the in- 
tervention of so many moving parts for converting the rectilineal motion 
produced by steam into a rotatory one -, but it is not difficult to show that 
power is neither lusl by the crank nor by the direct actioa of the steam in 
a rotatory engine, and that though a good rotatory engine may be a de- 
sideratum fbr specific applications, yet that no theoretical gain or loss b 
attributable to its employmeciL Starting from the great law we have men- 
tioned of the inactivity of matter, we may conclude at once that, in theory, 
the power of the sleam, as developed by that class of rotatory engines 
which use the revolving piston, is exactly the same as in the common 
engine possessing the cylinder, for the revolving piston in the rotatory 
engine is merely a piece of matter, and, as such, cannot absorb power moi« 
than the piston in the common engine, on the supposition that the loss re- 
sulting fk-om friction is the same in both. We are surprised that Tredgold 
has kul sight of this very simple and general principle, hnt we shall here 
show that his conclusion ttftit there is always a loss of power in the rotatorj 
tngine. extending in some cases to the amount of ) the power, is &llacions. 

Lelj^. 175. represent a part of the cylinder used in that class of rotatory 
engine* which use revolving pistons. Suppose, for the sake of simplidty. 
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that the area at A B is one square foot, and that A B D C cont^u a 
cubic fbot of water. Suppose, also, that D C is loaded with a weight inch, 
that together with the atmospheric pressure, the force upon DC will be 
70'75/lbB. Let the water now be heated, it will begin to boil whenever it 
attains a temperature t corresponding to f; and as we have shown for- 
merly, the volume will be 75-67 (459 + i)-*-/cuIhc feet Let ABFE re- 
present the volume it now occupies. The content of this volume is A B k 
Gj. Hence Oj=75-67 (459 + 0-r-/Unesl feeti the mechanical power of 
the steam as developed in this cylinder is therefore represented by 70-75/° 
raised 75-67 (459 -t-0-^/ lineal feel) or S354 (459 -f () lbs. raised one foot, 
exactly the same power as in the common cyliuder. In bet, rotatory engines 
with revolving pistons are, theoretically speaking, as well calculated to ab- 
stract the mechanical fbrcc of the steam as the common reciprocating 
engines) and would be likely to ftimish a iDDcessfnl competition wer« it 
not fbr the great increase of friction. This has hitherto operated M a 
barrier lo their application, and is likely still to do so in the case of statical 
enpnes. The common reciiirocating eogine possesses great tnperiority 
over its competitor in simplicity of parts, in &cility of eonstrudioD, pre* 
eisioe and nniforraity of action, and dniubility and economy in use ; and 
this superiority is not counterbalanced by any teal advantage in the rotatory 
engine as hitherto contrived. Much talent has been wasted in nnsneeessfU 
attempts to remove the great disadvantages under which the rotatory en- 
^e labours ) and, although the formation of a good rotatorj engine wonld 
no doubt be a deuderatum, we have no expectation such so engine will be 
(bond that wiU operate on a statical principle with success. 
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In tha whole of the preceding remuki it u to be bome in mind that & 
deduction ii to be msde in the cue <rfhjgh preMure engine*, fop the pre»- 
■ore of the stmoipbere ; and the doctrine that aboat the *ame mechanical 
power ii exerted by the laaie weight at steam operating withoat eipanaion, 
or with the aame degree of expansioD, it only traa when the preamre 
of the atmoapbere is subtracted, u in the cue of * condenwng engine, 
and where the Mctiou is left out of the account. Engines majr be 
divided into two great classes or genera, depending on the circnmstance 
of condensation being used or not. Engine* in which coadensatioa 
IS used, are termed condensing engines ; while engines in which 
condensation is not used are called non -condensing engines. These two 
classes are sometimes respectirelj called law preESure engines, and high 
pressure engines. Id the ordinary engine, constructed on Watt's principle, 
the Mfety Talve is seldom loaded with more than 5 lbs. on the square 
iucb. For tbis reason a condensing eng^e is often termed a low presanre 
engine ; while, if the condenging apparatus be dispensed with, the piston 
will always be resitted by a force equal to the atmospheric pressure, and 
the onl]r pan of the steam pressure which will be aiailable as a moTing 
power, ii that part by which it eiceeda the pressure of the atmosphere. 
Hence, in engines which do not work by condensation, steam of a much 
higher pressure than that of the atmosphere is necessary ; and for this 
reason DOD-condensing engines are called high pressure engines. The 
term* Ugh prestore engines, and low pressure engines may be very much 
oljected to, u calcnlated to mislead ; for, although in genera] the steam 
used in a Don-coDdeosiag eapae has a greater elastic force than the steam 
naed in a condensing engine, it is by no means necessary that the steam 
used in coodeosing engine ahoold be at a low presanre. Mor indeed is it 
always sa In the condensing engines constructed on the principle of 
Watt, the steam is sometimes generated at a pressors 5 lbs. per square inch 
greater than the atmospheric pressure, and in Woolf 's engines the steam 
IS produced under a pressure of 40 lb*, on the square inch, although still it 
is condensed. Most of the efficacy of the Comish engines is traceable to 
the use of high pressure steam used expansively ; and in practice the 
use of stenni of a considerable pressure it eipfdleut, aa it enables the 
steam to work very eipunslvely without involving the use of engines of 
^reatcost and inconvenient dimensions, which, moreover, would lose power 
m friction, aud by the resistance due to the uneondensed vapour. 

Of all the expedients for economising fuel in steam endues, expansion is 
that which has been attended with most success ; yet various other resources 
have been tried in the application of the steam, or in the tubstitutioa for 
steam of some other elastic fluid. We have already given at ;>age 93 an in- 
vettigaciou of the effect of surcharging steam with heat, by which It appears 
that there is a slight economy attainable thereby. The boiling point of 
alcohol and various other liquids being lower than that of water, many 
peiaons have supposed that a material economy would be realized by the 
use of their vapours in working an engine, especially as many of them were 
found to t>e evaporated with a less expenditure of heaL But it appears that 
there is no real economy arising from the use of those liquids, as the volumes 
of their respective vapours are less In the proportion of the smallness of the 
supply of fuel requisite for their evaporation. This boiling point of water 
being 213°, the bailing ptnnt of alcohol is 17S°,ofsnlphuret of carbon 116°, 
and of sulphuric ether 104° ; but whereas the volume of the vapour of sul- 
phuric ether at the bolting point is ooly 320 limes greater than the volume 
of the liquid iW>m which itwasgenerated,of snlphuret of carbon 440 times, 
and of alcohol 476 times, the bulk of steam is 1728 times greater than that 
of the water out of which it was formed, and the larger volume fully com- 
pensates for the larger quantity of fuel requisite for Its evaporation. Sir 
Humphrey Davy, man^ years ago, anticipated from the use of liquid car- 
bonic acid, and other luiueGed gases, an important economy of mel ; but 
though the vapours of those liquids exert a great pressure, with a slight 
addition to the temperature, they operate only through a small space, and 
if the fire were to be applied to them there would probably be no eco- 
ntuny. But an economy may be realised by heating those gases by die 
waste water or the condcusing steam. 



As long as the steam is in the cylinder producing the required power. 
It is losing so much of its temperatme, and, consequently, its elastic force, 
b^dispersion. The loss proceeding from this cause will obviously iocrease 
with tiie sarfice of the cylinder, which is exposed to the external air. 
Beaee, the best proportions for avoiding this loss may be found by solving 
the problem — " Required the cylinder which, having a given oapaoily, has, 
at the aame time, the least surface." Tredgold cousidering that the con- 
cave snrfiice is only brought gradually into contact with the steam, and 
therefore, aa ma}' be shown, producing only the same effect as half the same 
inrbee continnally in contact, finds the best proportion by solving the pro- 
blon— ** Required the cylinder of a given capacity, such that the areas of 
in two cndi, together with cue half the surface of its sides, mav be a mini- 
mum." The proportion given by the solution of this problem is the length 
of die stroke to be eqnal to twice the diameter of tiie cylinder. Hence, 
•eoording to Tredgold, the cylinder ought, where it is posuble, to have thi* 
pn^oition. IC i« plain, however, that althonjiji the steam is not always in 



contaot with tho snrftee, idll a continual loss is incurred f^om dlspeiuon, 
inasmuch as the cylinder should be as hot as the steam. The proportion 
may therefore be found by solving the first problem. This problem may 
be solved by the ordinary rules for "^»*'Tna and minima, aa follows i -^ 

Let length of stroke —I 

Diameter of cylinder =d 

Constant capacity of cylinder =a' 

Then, to be made aminimDm,a>i3x(areaof oneof the ends) + concave 
K-jwd' + wift 

And the quantities d and I, are connected by the equation 
*d</-4a*: 

Hence, to be rendered a minimum, we have 



leam that the best proportion for the cylinder is when l^d, that is to ttj, 
when the length is equal to the diameter. It ought to be reinembei«d that 
this result is derived only fhim one consideration, vii. the least loss by 
dispersion. In particular cases, other considerations must be introduced ; 
but, as far as the loss of heat by radiation from the cylinder is concerned. 
the best proportion for an engine is to make the stroke equal to the 
diameter. la our solution we have omitted the consideration that the force 
of the piston is proportional to the square of the diameter, but the friction 
of the piston is proportional to the diameter only. The difference result- 
ing &om this omission, however, is so very small, in ordinary proportions, 
that it would very little affect the answer, and may safely be neglected. 
We may state that the difference, so far as it goes, indicates that the 
diameter of the cylinder ought to be a little greater than one half the 



We have already given the hitton of the first application of the crank 
to the steam-engine. Since its first introduction, it has continued to be the 
only mechanism in practical use, for converting the reciprocating motion of 
the steam piston into a rotatory motion, aud for this purpose it poasessea 
great advantages in its simplicity and cheapness of construction. Besides 
which, great benefit is derived from its causing the motion of the piston, 
and other reciprocating parts of the engine, to be stopped and reversed 
gradually, and not by sudden jerks, and also with great exactness at the 
proper place, so as to obviate the necessity of much clearance in the cy- 
linder. So great is the advantage derived from the regulating powers of 
the crauk, that it is frequently used for the sake of these alone, where (he 
reciprocating motion only of the piston is required, such as in pumping, &c. 
The eminent simplicity of the crank, In its practical application, extend* 
even to the theory of its action, so M to obviate the necesiily of our devoting 
very much space to its consideration ; yet, strange to say, in spite of this 
simplicity, and its uaiversat use, it haa been the subject of a very prevalent 
misconception among unlearned mechanics. This has arisen from the cir- 
cumstance, that, when the crank is at the top, or bottom of Its revolution — 
turning the centre as it is called — the pressure on the piston prodnces no 
rotatory force whatever in the crank, and even when the crank has left 
these two position*. It is only at the two points at right angles to these, that 
the rotatory action is at a maximum, while over the rest of the stroke it 
varies between the maximum and nothing. Yet, while tbe rotatory or 
usefnl action is thus variable, the pressure on the piston is uniform; and 
hence a superficial observer, or one little used to the eouuderation of any 
mechanical problem, beyond the range of the " mechanical powers," is, 
naturally enough, led to infer, that the diminution of rotatory power at other 
parts of the stroke, is all so much loes, and that, through the action of the 
crank, a large proportion of the power of the steam is dissipated, and pre- 
vented trom producing any oseftd result Most of our readers, we presume, 
are aware that this conclusion is erroneous ; but, as some who know that 
such is the fhct, may have given little attention to the reason of it, it may be 
well to bestow a little consideration on tbe subject ThefalUcy that we have 
described it founded almost entirely on a confusion of ideas and language 
relative to pmeer and prttrurt. These two words are too apt to be used as 
aynonymOQB, although they express two very different things. Pressure 
alone u not power, and cannot produce power without motioiL We might, 
for example, have the tai\ steam pressure exerted ou a piston for hours, but, 
if the engine is from any cause prevented fh>m moving, no pmerr is pro- 
duced, and neither is any steam expended. Power, in fact, is measured 
and represented by pressure multiplied by the space over which the pres- 
sure moves. Thus, a weight or pressure of lOlbs. moving over 1 foot, 
gives a power expressed by 1 x 1 =• 1 ; and a weight of 5 lbs. falling S 
tttt, gives a power of 5 k 3^ 10 ; or, the aame as the last. Id other wards, 
the pressure of lolbs. produces no more power than that of slba., because 
it moves over only one half the space. These consideration* applied to the 
crank will readily clear up every difficulty. 

The pressure on the piston is the same at all parts of the stroke ; but tbe 
(peed with which it move* i* variable, being greatest at half stroke, and 
leait at the beginning and end of the stroke, while the motion of the citnk 
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is nniibniL As the fpeed of the pifton is viriable, and the power is repre* 
eented by the pressure multiplied by the space passed over, the power given 
oat by the piston every instant, most, like the speed, vary constantly, be- 
tween the maTimnm at half stroke, and nothing at the extremities of 
the stroke. When therefore we find that the rotatory power of the crank 
Taries in the same way, this arises, not firom part of the power c^ the 
piston being dissipated, bat from the power of tiie piston itself alternately 
mereasing and diminishing as its speed varies. 

It is a well known first principle in theoretical mechanics, that (exclad* 
ing the consideration of friction) no mechanical contrivance can either in- 
crease or diminish power, and, as a necessary consequence, that the pressure 
on every moving part of a machine m the direction of ite moHon, is in- 
versely as the space it moves over. Daring one revolution of the crank, 
the crai^-pin describes the circumference of a circle, twice the diameter of 
which, is equal to the space moved over by the piston in the same time ; 
hence, according to the principle Just laid down, the average pressure on the 
crank-pin in the direction of its motion, is e<|ual to the pressure on the 
piston, multiplied by twice the diameter, and divided by the circumference, 
of a circle, that is, it is equal to the pressure on the piston multiplied by 

— ? — --6366. 
3*1416 

Independently, however, of the general law of virtual velocities, as it is 

called, which we have just been applying, it is very easy to show that the 

power given out by the crank is equal to that communicated firom the 

piston. 

Fig. 176. 




Let CD represent the crank, and CE the direction of the connecting rod, 
then the pressure communicated to the crank-pin D, by the connecting rod, 
may be supposed to be represented by the line E C, and to be resolved into 
two pressures, one represented by the tangent DE, and tending to pro- 
duce rotatory motion, the other represented by the line DC, and producing 
pressure on the bearing of the crank-shaft Draw DF perpendicular to 
EC, and, as the triangle CED is similar to the triangle CFD, we may 
suppose the whole pressure of the connecting rod to be represented by the 
line CD, the pressure on the bearing, by the line FC, and the pressure 
tending to produce rotation, by the line F D. In other words, we have, the 
pressure on the piston « radius ; and the pressure tending to produce rota- 
tion -»siiL angle FCD x nuiius. 

Let the angle FCDaf, and suppose the crank to move over %verytmatt 
angle represented by dx; then the space moved over by the crank-pin 
would be «B radius x(/»; and it is shown by writers on the differential 
calculus, that the space passed over by the piston in the same time is equal 
torad.xsin.»x(lx. 

The pressure on the piston is constant, and represented by rad. ; the 
power exerted by the piston, while the crank moves over this small arc 
d X, must, therefore, be equal to rad.' x sin. xxdx. 

We have seen above that the pressure tending to produce rotation in the 
crank, is equal to sin. F C D x rad., or, sin. x x rad., and therefore the power 
exerted by the crank while the crank-pin moves over the space dxx rad., 
must be equal to sin. x x rad. xdxn rad., or rad." x sin. « x ax. 

This u the same as the expression that represents the power produced 
by the piston in the same time ; and, as what is the same at every instant 
must be the same in the aggregate, it follows, that the whole power pro- 
duced by the piston is equal to the whole power given out by the crank. 

In what precedes, we have been obliged, on one occasion, to refer to the 
principles of the differential calculus, and without them, the rigid proof of 
the conclusion that we have arrived at would be very tedious ; but for the 
sake of those who are not familiar with this department of mathematics, we 
may illustrate the proposition and approximate to the correct conclusion in 
a very simple and popular manner. 

Thus, let Jig, 177. represent the circle which the crank-pin describes. 
Divide it into 20 equal parts. Suppose the connecting rod to remain 
Always in a parallel direction, viz., in the direction of the arrows, and the 
constant pressure in it to be 100. Then the pressure producing rotation, 
aTid in the direction of a tangent, at any pomt of the circle, will| as we 
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have already explained, be equal to 100 x sine of the angle, described lino^ 
the crank turned the centre. From this we get the following table :— 



Points in the Figure. 


FreMure In Direction of Rerolution. 


At and at 20 


100 X sin. 0® =. 0-00 


1 19 


100 X sin. IS^^ -* 30*90 


2 18 


100 X sin. Se^' » 58-78 


3 17 


100 X sin. 54<> = 80*90 


4 16 


100 xsin. 720« 95*11 


5 15 


100 X sin. 900 » iqO-OO 


6 14 


100 X sin. 108^^ » 95*1 1 


7 13 


100 X sin. 126^^ » 80*90 


8 12 


100 X sin. 1440 a 58*78 


9 11 


100 X sin. 162^ « 30*90 


10 10 


100 X sin. 180^ » 0*00 


Mean pressure 63*1 1 1 



The circumference of the circle described by the crank-pin to the diame- 
ter 1, is 3*1416, and therefore the power given out by the crank during one 
revolution is expressed by 3*1416 x 63*11-* 198 266. 

During the same time the piston has travelled over twice the diameter 
of the circle; and as the pressure is constant at 100, the power produced by 
the piston is expressed by 2 x 100>b200. 

Tliis is very nearly the same as what we have got for the power of the 
crank; and if we were to take more divisions in the circle, so as to get the 
mean pressure of rotation more accurately, we would find the power of 
the crank approach more nearly to that of the piston, and it would 
approach nearer still, if we made the divisions yet more numerous; 
thus shewing that the final very small difference is caused by the inaoca- 
racy of our method of approximation alone, and that the things themselves 
are perfectly equaL 

We have hitherto, for the sake of simplifying the theory of the crank* 
omitted the consideration of the friction produced, while it is working, in 
the crank-axle and crank-pin ; but we may appropriately conclude this snb- 
ject by a few observations on this point 

The pressure on the crank-axle and crank-pin, derived from the connect- 
ing rod, must always be each equal to the pressure transmitted fh>m the 
piston ; and the frictional resistance is a certain proportional part of this 
pressure, the exact proportion depending on the kind of surfiEMses, the 
lubricating material, &c We shiJl assume that the friction is ^ of the 
whole pressure^ which is rather too much ; but as our present object is 
rather illustration than exact calculation, this will answer our purpose. 

The resistance to motion arising from this source is uniform at all parte 
of the stroke ; and as at two points (via. the top and bottom) of eadi ttroke 
the rotatory energy of the piston vanishes, ^ere must be two points al 
which this rotatory energy just equals the friction. To find these let 
d « diameter of crank-axle, 
ff .diameter of crank-pin. 
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f tm length of stroke. 

pa pressure transmitted from the piston through the connecting rod. 

«K angle described by the crank, between &e top or bottom of the 
stroke, and the point where the rotatory action of the piston on 
the crank just balances the resistance from friction. 

From what has been already said, it appears, that the rotatory action of 
the steam at this point is equal to p x sin. x, and that the friction is equal to 
^ p. But the rotatory pressure of the steam acts with a leverage equal to 
the length of the crank, while the frictional resistance acts with a leverage 
equal to the combined radii of the crank-axle' and crank-pin. 

ThaXf therefore, these two forces may be balanced, we must have 



p X sin. X X »SM^ p X (<f + <f ), 
tf ** 10* 



Sin. x>B 



(A.) 



In an ordinary engine, where we may suppose cf + cfa-i^, this would 
give sin. xa^-'017, or, x^O^ 59'. 

At this point of the revolution, the pressure on the piston will be just 
able to overcome the friction of the bearings. It is evident from the for- 
mula that the smaller the diameters of the crank-axle and crank-pin are in 
proportion to the length of stroke, the sooner will the steam pressure be 
able to overcome the friction, after the crank passes the centre; and as the 
strength of the axle is in proportion to the cube of its diameter, while the 
leverage of the crank is directly as the length of the stroke, it is clear that 
the friction of the bearings must be more detrimental in a short than a long 
stroked engine. 

The well known and convenient contrivance called an eccentric, is just 
a crank with a short radius, and a very large crank-pin. In it d' a diame- 
ter of the eccentric, and ^^the throw of Uie eccentric Bearing this in 
mind, formula A applies to an eccentric, as well as a crank; and if (as is 
ofren the case) d + tt is greater than 10 s, the formula would give sin. x 
greater than 1 ; but this is impossible, which shows that the friction is so 
great that there is no point of the revolution where the rotatory power is 
equal to It Hence, an eccentric is never used for converting a rectilinear 
motion into a rotatory one ; though the reverse is often done, where con- 
venience of construction is of more importance than the loss of some power 
in friction. When an eccentric is used to produce a reciprocating rectili- 
near motion firom a rotatory one, it is easily deduced, from what we have 
already said, that the loss of power from the friction of the eccentric and 
strap alone, independently of the bearings of the shaft, is equal to ^ the 
power required to do the work, multiplied by the circumference of the ec- 
centric, and divided by twice its throw. Or, in algebraic language, if 

pa power to be transmitted by the eccentric, 

the loss by the friction of the eccentric and strap 

^ px81416<f 3'1416p.<f 
" 10x2 xs "" 20* ' 



-•15703 



pcT 



-pxO-15703 — . 

From this it readily appears that, when ^'^ttth^"^'^'^ ' ; the power 

Teqnired to overcome the friction is equal to p. 

Expressing this conclusion in words, we arrive at this result, that, 
(assuming the friction to be ^^ of the pressure,) when the diameter of an 
ceeentric is 6*37 times the length of its throw, the power consumed in frio- 
tiott is equal to the power expended in doing the work required. 

DIMENSIONS OF PARTS OF ENGINES. 

We reserve for a subsequent part of the present Treatise the remarks we 
have to oflfer upon the Fly-wheel, Governor, and other moving parts of the 
engine, the theory of which requires to be considered ; and these topics 
will be found to be fblly elucidated at the several pages mentioned in the 
Index. We next proceed, though not strictly in order, to lay before our 
readers tables of dimensions of engines, computed from the formulse given 
at page 106., and practical rules, which are an interpretation of those for- 
mulse, and of some other formulse given at page 157. The formulas at page 
106. have been constructed with much care : the results have been com- 
pared with the dimensions followed by the makers of most repute, and the 
taUes and rules derived from them may be used by the engineer with con- 
fidence. For land engines various rules are scattered among the practical 
details, extending from page 206. to page 216., and which may be employed 
with safety in all cases where but a moderate pressure of steam is employed, 
soeh as was used in Mr. Watt's engines. The whole of tiie cranks, shafts, 
ind other moving parts, of which the dimensions are given in the marine 
enipne tables, are of malleable iron, with the exception of the side-lever, 
which is of cast iron. Bfany of the dimensions given in these tables must, 
we fbnee, soon become obsolete, for the side-lever plan of engine, to which 
most of the sixes reUUe, is iklling into disuse, and in marine engines the 
introdoetion of the screw propeUer will also make great innovation. But 
Biany of the dimensions are applicable to any species of engine, and we 



have at page 224. given the dunensions of oscillating engines, followed by 
the most eminent constructors, and which are likely to remain unaffected 
bv impending transformations. It may be useful, however, in addition, to 
give here the dimensions of one of Mr. Penn*s 12 horse power oscillating 
enffines for river steamers. 

The cylinders of this oscillating engine are placed beneath the cranks, 
and, as in all Messrs. Penn*s smaller engines, the piston rod is connected to 
the crank-pin by means of a brass cap, provided with a socket, by means of 
which it is cuttered to the piston rod. There is but one air-pump, which 
is situated within the condenser between the cylinders, and is worked by 
means of a crank in the intermediate shaft — this crank being cut out of a 
solid piece of metal, as in the formation of the cranked axles of locomotive 
engines. The steam enters the cylinder through the outer trunnions, or the 
trunnions adjacent to the ship's sides, and enters the condenser through the 
two midship trunnions — a short three-ported valve being placed on the 
front of the cylinder to regulate the flow of steam to and from the cylinder 
in the proper manner. This valve is balanced by a weight upon the other 
side of the cylinder, but in the most recent engines this weight is discarded* 
and two valves are used, which balance one another. 

The framing consists of an upper and lower fhune of cast iron, bound to- 
gether by eight malleable iron colunms : upon the lower fhune the pillow- 
blocks rest which carry the cylinder trunnions, and the condenser and the 
bottom frame are cast in the same piece. The upper frame supports the 
paddle shaft pillow-blocks ; and pieces are bolted on in continuation of the 
upper fhune to carry the paddle wheels, which are overhung Arom the 
journal The web, or base plate, of the lower frame is ] of an mch thick, 
and a cooming is carried all round the cylinder, leaving an opening of suffi- 
cient size to permit the necessary oscillation. The cross section of the upper 
frame is that of a hollow beam 6 in. deep, and about 31 in. wide, with holes 
at the sides to take out the core ; and the thickness of^ the metal is {jths of 
an inch. Both the upper and the lower frame is cast in a single piece, 
with the exception of the continuations of the upper fhune, which support 
the paddle wheels. An oval ring 3 in. wide is formed in the upper fhune, 
of sufficient size to permit the working of the air-pump crank ; and from 
this ring, feathers run to the ends of the cross portions of the Arame which 
support the intermediate shaft journals. The columns are 11 in. in diame- 
ter ; they are provided with collars at the lower ends, which rest upon 
bosses in the lower fhune, and with collars at the upper ends for support- 
ing the upper frame ; but the upper collars of two of the comer columns 
are screwed on, so as to enable the columns to be drawn up when it is re- 
quired to get the cylinders out The cross section of the bottom fhune is 
also of the form of a hollow beam, 7 in. deep, except in the region of the 
condenser, where it is, of course, of a different form ; the depth of the boss 
fbr the reception of the columns is a little more than 7 in. deep on the lower 
frame, and a little more than 6 in. deep on the upper frame ; and the holes 
through them are so cored out, that the columns only bear at the upper and 
lower edges of the hole, instead of all through it — a formation by which 
the fitting of the columns is facilitated. 

The condenser, which is cast upon the lower frame, consists of an oval 
vessel 22^ in. wide, by 2 ft 4) in. long, and 1 ft 10|iii. deep ; it stands 9 in. 
above the upper face of the bottom fhune, the rest projecting beneath it ; 
and it is enlarged at the sides by being carried beneitfh Uie trunnions. The 
air pump, which is set in the centre of the condenser, is 15) in. in diameter, 
and has a stroke of 1 1 in. The foot valve is situated in the bottom of the 
air pump, and consists of a disc of brass, in which there is a rectangular 
flap valve, but rounded on one side to the circle of the pump, opening up- 
wards, and so balanced as to enable the valve to open with facility ; and 
the balance weight, which is formed of brass cast in the same piece as the 
valve itself, operates as a stop, by coming into contact with the disc which 
constitutes the bottom of the pump when the valve has opened sufficiently. 
This disc is bolted to the mouth of the pumpbymeansofan internal flange, 
and before it can be removed by the pump, must be lifted out of its place. 
The air pump barrel is of brass, to which is bolted a cast-iron mouth piece, 
with a port for carrying the water to the hot well ; and within the hot well 
the delivery valve, which consists of a common flap valve, is situated. The 
mouth piece and the air pump barrel are made tight to the condenser, and 
to one another, by means of metallic joints carefully scraped to a true sur- 
fhoe, so that a little white or red lead interposed, makes an air-tight joint. 
The air pump bucket is of brass, and the valve of the bucket is of the 
common pot-lid, or spindle kind. The injection water enters through a 
single cock in fh>nt of the condenser, the jet striking against the barrel of 
the air pump: the air pump rod is maintained in its vertical position by means 
of guides, the lower ends of which are bolted to the mouth of the pump, 
and the upper to the oval in the top frame, within which the air pump 
crank works, and the motion is communicated from this crank to the pump 
rod by means of a short connecting rod. The lower frame is not set im- 
mediately below the top fhune, but 2) in. behind it, and the air pump and 
condenser are 2| in. nearer one edge of the lower frame than the other. 

The thickness of the metal of the cylinder is ^j^ths of an inch ; the depth 
of the belt of the cylinder b 91 in., and its greatest projection from the cy- 
linder is 2) in. The distance nrom the lower edge of the belt to the bottom 
of the cylinder is 111 in., and from the upper Age of the belt to the top 
flange of the cylinaer is 9 in. The trunnions are 7^ in. diameter in the 
beanngs, and 3J[ in. in width ; and the flanges to which the ghmds are 
attached for screwing in the trunnion packings are 1 J in. thick, and hav« 
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Jths of an inch of projection. The width of the packing space round the 
trunnions is {ths of an inch, and the diameter of the pipe passing through 
the tnmnions 4f ths, which leaves Jiths for the thickness of the metal of the 
bearing. The pipe leading to the condenser, from the cylinder, is made 
somewhat bell-mouthed where it joins the condenser, and the gland for 
compressing the packing is made of a larger internal diameter in everj 
part except at the point the pipe emerges from it, where it accurately fits 
the pipe, so as to enable the gland to squeeze the packing. By this con- 
struction the gland may be drawn back without being janmied upon the 
enlarged part of the pipe, and the enlargement of the pipe towards the 
condenser prevents the air pump barrel from offering any impediment to 
the free egress of the steam. The gland is made altogether in four pieces : 
the ring which presses the packing is made distinct from the flange to 
which the bolts are attached which force the gland against the packing; and 
both ring and flange are made in two pieces, to enable them to be got over 
the pipe. The ring is half-checked in the direction of its depth, and is in- 
troduced without any other support to keep the halves together than what 
is afforded by the interior of the stuffing box ; and the flange is half-checked 
in the direction of its thickness, so that the bolts which press down the 
ring by passing through this half-checked part also keep the segments of 
the flange together. The bottom of the trunnion packing space is con- 
tracted to the diameter of the eduction pipe, so as to prevent the packing 
fh)m being squeezed into the jacket ; but the eduction pipe does not fit 
quite tight into this contracted part, but, while in close contact on the 
lower side, has about ^d of an inch of space between the top of the pipe 
and the cylinder, so as to permit the trunnions to wear to that extent with- 
out throwing a strain upon the pipe. The eduction pipe is attached to the 
condenser by a flange joint, and the bolt-holes are all made somewhat 
oblong in the perpendicular direction, so as to permit the pipe to be slight!}'' 
lowered, should such an operation be rendered necessary by the wear of 
the trunnion bearings ; but in practice the wear of the trunnion bearings is 
found to be so small, as to be almost inappreciable. It is not expedient to 
cast the trunnion plummer-blocks upon the lower fVame, as is sometimes 
done ; for the cylinders, being pressed from the steam trunnions by the 
steam, and drawn in the direction of the condenser by the vacuum, have a 
continual tendency to approach one another ; and as they wear slightly 
towards midships there would be no power of re-a^justment unless the 
plummer-blocks were moveable. The flanges of the trunnions should always 
fit tight against the plummer-block sides, but there should be a little play 
sideways at the necks of the trunnions, so that the cylinder may be enabled 
to expand when heated, without throwing an undue strain upon the trun- 
nion supports. Above and below each trunnion, a feather, or bracket, runs 
from the edge of the belt, between 3 in. and 4 in. along the cylinder, for 
the sake of f^ditional support; and in large engines this feather is con- 
tinued tiirough the interior of the belt, and cruciform feathers are added for 
the sake of greater stiffness. The projection of the outer face of the trun- 
nion flange from the side of the cylinder is 6) in. ; the thickness of the 
flange round the mouth of the cylinder is ) of an inch, and its projection 
11 in.; the height of the cylinder stuffing box above the cylinder cover is 

4] in., and its external diameter 4 J in the diameter of the piston rod 

being 2j in.; and the thickness of the stuffing box flange is 1) in. 
The length of the valve casing is 16^ in., and its projection fVom the cy- 
linder is 3^ in. at the top, 4| in. at the centre, and 2J in. at the bottom, so 
that the back of the valve casing is not made flat, but is formed in a curve. 
The width of the valve casing is 9 in., but there is a portion of the depth of 
the belt li in. wider, to permit the steam to enter fh>m the belt into the 
casing. The valve casing is attached to the cylinder by a metallic joint ; 
the width of the flange of this joint is IJin., the thickness of the flange on 
the casing J in., and the thickness of the flange on the cylinder §ths of an 
inch. The valve is of the ordinary three-ported description, and both 
cylinder and valve fkces are of cast iron. The projection fh)m the cylinder 
of the passage for carrying the steam upwards and downwards, from the 
valve to the top and bottom of the cylinder, is 2\'ul, and its width exter- 
nally S^in. 

The piston is packed with hemp, but the junk ring is made of malleable 
iron, as cast-iron junk rings have been found liable to break : there are 
four plugs screwed into the cylinder cover, which, when removed, permit 
a box-key to be introduced, to screw down the piston packings. The 
screws in the junk ring are each provided with a small ratchet, cut in a 
fixed washer upon the head, to prevent the screw from turning back ; and 
the number of clicks given by these ratchets, in tightening up the bolts, 
enables the engineer to know when they have all been tightened equally. 
The cap for attaching the piston rod to the crank-pin is formed altogether 
of brass, which brass serves to form the bearing of the crank-pin. The 
external diameter of the socket by which this cap is attached to the piston 
rod is 3A in. The diameter of the crank-pin is 3 in., and the length of the 
crank-pin bearing 31 in. The thickness of the brass around the crank-pin 
bearing is 1 in., and the upper portion of the brass is secured to the lower 
portion by means of lugs which are of such a depth that the perpendicular 



section through the centre of the bearing has a square outline meai^uring 
7 in. in the horizontal direction, 3} in. from the centre of the pin to the 
level of the top of the lugs, and 21 in. from the centre of the pin to the 
level of the bottom of the lugs. The width of the lugs is 2 in., and the 
bolts passing through them are IJin. in diameter. The bolts are tapped 
into the lower portion of the cap, and are fitted very accurately by scraping 
where they pass through the upper portion, so as to act as steady pins in 
preventing the cover of the crank- pin bearing from being worked sideways 
by the alternate thrust on each side. The distance between the centres of 
the bolts is 5 in., and in the centre of the cover, where the lugs, continued 
in the form of a web, meet one another, an oil cup 1| in. in diameter, 1 J in. 
high, and provided with an internal pipe, is cast upon the cover, to contain 
oil for the lubrication of the crank-pin bearing. The depth of the cutter 
for attaching the cap to the piston rod is 1 J in., and its thickness is ] in. 
A similar cap attaches the air pump crank to the connecting rdd by which 
the air pump rod is moved, but in this instance the diameter of the bearing 
is 5 in., and the length of the bearing about 3 in. The thickness of the brass 
encircling the bearing is ] in. upon Sie edge, and IJ in. in the centre, the back 
bem^ slightiy rounded ; the width of the lugs is 1{ in., and the depth of the 
lugs is 2 in. upon the upper brass, and 2 in. upon the lower brass, making 
a total depth of 4 in. The diameter of the bolts passing through the lugs 
is 1 in., and the bolts are tapped into the lower brass, and accurately fitted 
into the upper one, so as to act as steady pins, as in the previous instance. 
The lower eye of the connecting rod is forked so as to admit the eye of 
the air pump rod ; and the pin which connects the two together is pro- 
longed into a cross head, the ends of which move in the guides. The forked 
end of the connecting rod is fixed upon the cross head by means of a 
feather, so that the cross head partakes of the motion of the connecting rod, 
and a cap, similar to that attached to the piston rod, is attached to the air 
pump rod, for connecting it with the cross head. The diameter of the air 
pump rod is Ij in., the external diameter of the socket encircling the rod 
is 2^ in., and the depth of the socket 4i in. from the centre of the cross head. 
The depth of the cutter for attaching tiie socket to the rod is 1 in., and its 
thickness A in. The breadth of the lugs is 1} in., the depth H in., making 
a total depu of 2\ in. : and the diameter of the bolts } of an inch. The 
diameter of the cross head at the centre is 2 in., the thickness of each jaw 
around the bearing 1 in., and the breadth of each ^ in. 

The diameter of the intermediate shaft journal is 4,^ in., and of the 
paddle shaft journal 4] in. ; the length of the journal in each case is 5 in. 
The diameter of the large eye of the crank is 7 in., and the diameter of the 
hole through it is 41 in. ; the diameter of the small eye of the crank is 5} in., 
the diameter of the hole through it being 3 in. The depth of the large eye 
is 41 in., and of the small eye 3] in. ; the breadth of the web is 4 in. at the 
shan end, and 3 in. at the pin end, and the thickness of the web is 2{ in. 
The width of the notch forming the crank in the intermediate shaft for 
working the air pump is 3iin., and the width of each of the arms of this 
crank is 3{} in. ; both the outer and inner comers of the crank are cham- 
fered away, until the square part of the crank meets the round of the shaft. 
The method of securing the crank-pins into the crank eyes of the intermediate 
shaft, consists in the application of a nut to the end of each pin, where it 
passes through the eye, the projecting end of the pin being formed with a 
thread, upon which the nut is screwed. 

The eccentric strap is half an inch thick, and IJin. broad; and the 
flanges of the eccentric, within which the strap works, are each | of an 
inch thick. The eccentric is put on in two halves, joined in the diameter 
of largest eccentricity by means of a single bolt passing through lugs 
on the central eye, and the back balance is made in a separate piece | of 
an inch thick, and is attached by means of two bolts, which also help to 
bind the halves of the eccentric together. The eccentric rod is attached to 
the eccentric hoops by means of two bolts passing through lugs upon the 
rod, and tapped into a square boss upon the hoop ; and pieces ^ iron, of a 
greater or less thickness, are interposed between Uie surfaces in setting the 
valve, to make the eccentric rod of the right length. The eccentric rod is 
kept in gear by the pull of a small horizontal rod, attached to a vertical 
blade spring, and it is thrown out of gear bv means of the ordinary disen- 
engaging apparatus, which acts in opposition to the spring, as, in cases 
where the eccentric rod is not vertical, it acts in opposition to the gravity 
of the rod. The paddle shaft plummer-blocks are altogether of brass, and 
are formed in much the same manner as the cap of the piston rod, only 
that the sole is flat, as in ordinary plummer-blocks, and is fitted between 
projecting lugs of the framing, to prevent side motion. In the bearings 
fitted on this plan, however, the upper brass will generally acquire a good 
deal of play sifter some amount of wear. The bolts are worked slack in 
the holes, though accurately fitted at first; and it appears expedient, 
therefore, either to make the bolts very large, and the sockets through 
which they pass very deep, or to let one brass fit into the other. The trun- 
nion plummer-blocks are formed in the same manner as the shaft plummer- 
blocks ; the nuts are kept firom turning back by means of a pinching screw 
passing through a stationary washer. 
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7*31 


7*78 


8*15 


8-55 


8-87 


9*21 


9*50 


9*80 


10*04 


10*31 


10*53 


10*78 


11*00 


11*21 




44 


6-87 


7-42 


7*90 


8*28 


8-68 


9-01 


9*35 


9*65 


9*95 


10*19 


10*47 


10*70 


10*95 


11*16 


11*38 




45 


6-97 


7*54 


8*02 


8*40 


8*81 


9*14 


9*50 


9*79 


10-10 


10*35 


10*63 


10*86 


11*11 


11*33 


11*55 




46 


7-06 


7-65 


8-15 


8-53 


8*94 


9*28 


9*64 


9*94 


10-25 


10-50 


10-78 


11*02 


11*28 


11*50 


11*72 




47 


7-16 


7-76 


8*37 


8*65 


9-07 


9*41 


9*78 


10*08 


10-39 


10-65 


10*93 


11*18 


11*44 


11*66 


11-89 




48 


7-26 


7-88 


8*40 


8*78 


9-20 


9*55 


9*92 


10-23 


10*54 


10-80 


11*09 


11*34 


11*61 


11*83 


12*06 




49 


7-37 


7*99 


8*52 


8*90 


9*33 


9*68 


10*06 


10*37 


10*69 


10*96 


11*15 


11-51 


11*77 


12-00 


12*23 




50 


7-48 


8*10 


8-61 


9*02 


9*46 


9*82 


10*20 


10-51 


10-84 


11*12 


11*42 


11*67 


11*94 


12-17 


12-41 




51 


7-60 


8*20 


8*72 


9*14 


9*58 


9*95 


10*34 


10*65 


10-98 


11*27 


11*57 


11*82 


12*10 


12-33 


12-57 




52 


7-70 


8*31 


8*83 


9*26 


9*71 


1008 


10*47 


10*79 


11*12 


11-41 


11*71 


11*97 


12*25 


12-49 


12-73 




53 


7-80 


8-41 


8*94 


9-38 


9*83 


10-21 


10-61 


10*93 


11*26 


11-56 


11*86 


12*12 


12*41 


12-64 


12*89 




54 


7-90 


8*52 


9*05 


9*60 


9*96 


10-34 


10*74 


11*06 


11*40 


11*70 


12-00 


12*27 


12*56 


12-80 


13*05 




55 


8-00 


8*62 


916 


9*61 


10*08 


10-47 


10-88 


11*20 


11*54 


11-85 


12-15 


12*42 


12*72 


12-96 


13*21 




56 


8-09 


8-73 


9*27 


9*73 


10-21 


10*60 


11-01 


11-33 


11*69 


11-99 


12-29 


12-57 


12*87 


13-15 


13*37 




57 


8*19 


8-84 


9-39 


9-85 


10-33 


10*73 


11-15 


11*47 


11*83 


12*14 


12*44 


12-72 


13-03 


13-31 


13*53 




58 


8-29 


8*94 


9-50 


9-97 


10*45 


10*86 


11-28 


11-61 


12*97 


12*2ff 


12-58 


12*87 


13*18 


13*47 


13*69 




59 


8*39 


9*05 


9-61 


1008 


10-58 


10*99 


11-42 


11*75 


1211 


12*42 


12*72 


13-02 


13*33 


13-62 


13*85 




60 


8-49 


9-15 


9*72 


10-20 


10-70 


11*12 


11-55 


11*89 


12*25 


12*56 


12*89 


13*17 


13*48 


13-74 


14*02 




61 


8*58 


9*25 


9-82 


10*30 


10-79 


11*23 


11-67 


1202 


12*38 


12*70 


13-03 


13*31 


13*63 


13-89 


14*17 




62 


8*67 


9-35 


9*93 


10-40 


10*89 


11*34 


11-79 


12*14 


12*51 


12-83 


13-17 


13*45 


13*77 


1404 


14*32 




63 


876 


9-45 


10*03 


10-50 


10-98 


11*45 


11-91 


12-27 


12*65 


12-97 


13*31 


13*59 


13-92 


1419 


14*47 




64 


8*86 


9-55 


10-14 


10-60 


11*08 


11-56 


12-03 


12*39 


12*78 


13-10 


13*45 


13-73 


1406 


14*34 


14*62 




65 


8*95 


9*65 


10-24 


10-70 


11*17 


11*67 


12-16 


12-52 


12*91 


13-24 


13*59 


13-87 


14*21 


14*49 


14*77 




66 


9*04 


9-74 


10-35 


10-79 


11*27 


11*78 


12-28 


12*64 


13*04 


13-37 


13*73 


1402 


14*35 


14*64 


14*93 




67 


9*13 


9*84 • 


10-45 


10-89 


11*36 


11*89 


12*40 


12*77 


13-17 


13-51 


13*87 


14-16 


14*50 


14*79 


15-08 




68 


9*22 


9*94 


10*56 


10-99 


11*45 


11*99 


12*52 


12*89 


13*30 


13-65 


1401 


14-30 


14*64 


14*94 


15-23 




69 


9*31 


10*04 


10-66 


11-09 


11*54 


12*10 


12*64 


13-02 


13*43 


13*78 


14*15 


14-45 


14*79 


15*09 


15-39 




70 


9*41 


10-14 


10-77 


11-19 


11-64 


12*20 


12*77 


13*16 


13*57 


13-92 


14*29 


14-60 


14-94 


15*23 


15-54 




71 


9*50 


10*23 


10*87 


11-30 


11*77 


12*32 


12-89 


13*28 


13*70 


14-05 


14-42 


14-74 


1508 


15*37 


15*68 




72 


9-59 


10 33 


10*97 


11-41 


11*90 


12-44 


13*01 


13*40 


13*82 


1418 


14*55 


14-88 


15-22 


15*51 


15*83 




73 


9*67 


10*42 


11*07 


11-52 


12*03 


12-56 


13-13 


13*52 


13*95 


14*31 


14*69 


15-02 


15-36 


15*65 


15*97 




74 


9*76 


10*52 


11*17 


11*62 


12*16 


12-67 


13-25 


13*64 


14*07 


14*44 


14*82 


15-15 


15-50 


15*79 


16*12 




75 


9-85 


10*61 


11*27 


11*73 


12*29 


12-79 


13*37 


13-76 


14*20 


14*57 


14*95 


15-29 


15-64 


15*93 


16*26 




76 


9*93 


10-71 


11*36 


11-83 


12-43 


12*91 


13*49 


13*89 


14*32 


14*70 


15*09 


15-43 


15-78 


16*07 


16*41 




77 


10O2 


10*80 


11*46 


11-94 


12*56 


13*03 


13-61 


14*01 


14-45 


14-83 


15-22 


15*56 


15-92 


16*21 


16*55 




78 


10*11 


10*89 


11-56 


12-05 


12-69 


1315 


13-73 


1413 


14-57 


14*96 


15-35 


15-69 


16-06 


16-35 


16-70 




79 


10-20 


10*99 


11*66 


1216 


12-83 


13*26 


13-85 


14*26 


14-70 


15-09 


15-48 


15-82 


16-20 


16-49 


16*84 




80 


10-29 


1108 


11*76 


12*27 


12*96 


1338 


13*96 


14-38 


14-84 


15-22 


15-62 


15-97 


16-33 


16-63 


16-98 




81 


10-37 


1117 


11*86 


12-38 


13-06 


13*49 


14*07 


14-50 


14*96 


15*34 


15-75 


1610 


16-46 


16*74 


17-12 




82 


10-46 


11*26 


11*96 


12-49 


13*17 


13-61 


14-19 


14-62 


15-08 


15-46 


15-88 


16*23 


16-59 


16*88 


17*26 




83 


10-54 


11*35 


12-06 


12-60 


13*27 


13-73 


14-30 


14-73 


15*20 


15*59 


16-00 


16-36 


16-73 


17*01 


17*40 




84 


10-63 


11*44 


1215 


12-71 


13*38 


13*84 


14-42 


14-85 


15-32 


15-71 


1613 


16-49 


16-86 


17*14 


17*54 




85 


10-71 


11-52 


12-25 


12-81 


13*48 


13*95 


14*53 


14-97 


15*44 


15-84 


16-25 


16-61 


17*00 


17*28 


17*68 




86 


10*80 


11-61 


12-35 


12-92 


13*59 


14*07 


14*65 


1509 


15*56 


15-96 


16-38 


16-74 


1713 


17*42 


17*82 




87 


10*88 


11*70 


12-44 


13*03 


13-69 


14*18 


14*76 


15-21 


15*68 


16*09 


16-50 


16-87 


17-27 


17*56 


17*96 




88 


10-97 


11-79 


12-54 


13*14 


13-80 


14-30 


14*88 


15-32 


15-80 


16*21 


16-63 


17-00 


17-40 


17-70 


18*10 




89 


11*05 


11-88 


12-64 


13-24 


13*90 


14*42 


14*99 


15-44 


15*92 


16-33 


16-75 


17*13 


17-53 


17*84 


18*24 




90 


11*13 


11*99 


12-74 


13*34 


1400 


14-54 


1510 


15-56 


16*05 


16-45 


16-89 


17-26 


17-66 


18*01 


18*37 




91 


11-21 


12*08 


12-83 


13-40 


14*11 


14*64 


15*21 


15-67 


16-17 


16*57 


17-02 


17-39 


17-79 


18*14 


18*51 




92 


11*29 


12-17 


12*92 


13-47 


14-21 


14-75 


15*32 


15-79 


16*28 


16-69 


17-14 


17*51 


17-92 


18*27 


18*64 




93 


11-37 


12-26 


13*01 


13*53 


14*32 


14-85 


15*43 


15*90 


16*40 


16-81 


17-26 


17*64 


18-05 


18*40 


18*78 




94 


11*45 


12*34 


1310 


13*60 


14*42 


14-96 


15*54 


16-02 


16-51 


16*93 


17*38 


17*76 


18-18 


18*53 


18-91 




95 


11-53 


12*43 


13-20 


13*66 


14*53 


15*07 


15*65 


16-13 


16-63 


17*05 


17*51 


17*88 


18-31 


18*66 


19-05 




96 


11*61 


12-51 


13*29 


13-73 


14-63 


15*18 


15-76 


16*25 


16*74 


17*18 


17*63 


18*01 


18-44 


18*79 


19-18 




97 


11*69 


12*60 


13-38 


13*79 


14-74 


15*29 


15-87 


16-36 


16*86 


17*30 


17*75 


18*14 


18-57 


18*92 


19-32 




98 


11*77 


12*68 


13-47 


13-86 


14*84 


15-39 


15-98 


16*48 


16*97 


17-42 


17*87 


18*26 


18-70 


19*05 


19*45 




99 


11-85 


12*77 


13*56 


13*92 


14*94 


15*50 


16*09 


16-59 


17-09 


17-54 


18-00 


18*39 


18*83 


19-18 


19-59 




100 


11-93 


12-85 


18-66 


14-01 


15*04 


15*61 


16-20 


16-71 


17-22 


17-66 


18*12 


18*52 


18*95 


19*32 


19-71 


. 



Dimensions of Parts of Marine 'Engine*. 
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5-37 

5-53 

5*68 

5-84 

5-99 

6-15 

6*30 

6*46 

6-61 

6-77 

6*92 

7-06 

7*20 

7-84 

7-48 

7-62 

7-76 

7-90 

8-05 

8-19 

8-32 

8*44 

8-56 

8*68 

8*80 

8*92 

9*04 

9*16 

9*28 

9*40 

9*53 

9*65 

9*77 

9*89 

10-01 

1013 

10*25 

10*37 

10*49 

10-61 

10*72 

10-84 

10-95 

11*07 

11-18 

11*30 

11*41 

11*53 

11*64 

11*76 

11-87 

U-98 

12-09 

12-20 

12-81 

12-42 

12-53 

12*64 

12*75 

12*86 

12-97 

13-07 

13-18 

13-28 

13*39 

13-49 

13*60 

13*70 

13*81 

13*91 

14-01 

14-11 

14*21 

14-31 

14-41 

14-51 

14-61 

14-71 

14-81 

14-91 



2i 



5-69 

5-85 

6*02 

6-19 

6-36 

6*53 

6-70 

6-87 

7-04 

7-21 

7-37 

7*52 

7-67 

7-82 

7-97 

8*12 

8*27 

8*42 

8*57 

8-72 

8-86 

900 

9*13 

9*27 

9*40 

9*54 

9*67 

9*81 

9*94 

10*08 

10*21 

10*34 

10*47 

10*60 

10*73 

10*86 

10*99 

11*13 

11-25 

11*37 

11*49 

11*62 

11*74 

11*86 

11*98 

12*11 

12*23 

12*35 

12*47 

12*60 

12-72 

12*84 

12*95 

13*07 

13*18 

13*30 

13*41 

13*53 

13*64 

13*76 

13*88 

13*99 

14*11 

14-22 

14*34 

14*45 

14*57 

14-68 

14*80 

14*91 

15*02 

15*14 

15*25 

15*36 

15-47 

15-59 

15-70 

15*82 

15-93 

16-08 



6-03 

6*21 

6*39 

6*57 

6*75 

6*93 

7-11 

7-29 

7*47 

7*65 

7*82 

7*98 

8*14 

8*30 

8*46 

8*63 

8*79 

8*95 

911 

9*27 

9*42 

9-57 

9*72 

9*87 

10*02 

10*17 

10*32 

10*47 

10*62 

10*76 

10*90 

11*04 

11*18 

11-32 

11*46 

11-60 

11*74 

11*88 

12*02 

12*15 

12*28 

12*41 

12*54 

12*67 

12*80 

12*93 

13*06 

13*19 

13*32 

13*46 

13*69 

13*71 

13-84 

13-96 

14-08 

14*20 

14*32 

14-44 

14*56 

14*70 

14*83 

14*95 

15*07 

15*19 

15*31 

15*43 

15*55 

15*67 

15*79 

15*92 

16*04 

16*15 

16*27 

16-38 

16*50 

16*61 

16*73 

16*84 

16*96 

17-07 



H 



6*31 

6*50 

6*69 

6*88 

7-07 

7-26 

7-45 

7-64 

7-83 

8*02 

8*19 

8*36 

8*53 

8*70 

8*87 

9*04 

9*21 

9*38 

9*55 

9*72 

9*88 

1003 

10*18 

10*34 

10*49 

10*64 

10*79 

10*94 

11*10 

11*26 

11*41 

11*56 

11*71 

11*86 

1201 

12*16 

12*31 

12*46 

12*61 

12*75 

12*88 

13*00 

13*13 

13-25 

13-38 

13-50 

13-63 

13-75 

13-88 

14*01 

14-15 

14*29 

14-43 

14-58 

14-72 

14-87 

15-01 

15*15 

15*29 

15*44 

15*57 

15*70 

15-82 

15-95 

16*07 

16*20 

16-32 

16-45 

16-58 

16-76 

16*83 

16*95 

17*07 

17-19 

17*31 

17*43 

17*55 

17-67 

17-79 

17-92 



6*62 

6*82 

7*02 

7*22 

7*42 

7-62 

7*82 

8*02 

8*22 

8-42 

8*60 

8*78 

8*96 

9*14 

9*31 

9*49 

9*67 

9*85 

10*03 

10*20 

10*37 

10-54 

10*70 

10*86 

11*02 

1118 

11*34 

11*50 

11*66 

11*82 

11*98 

12*13 

12*29 

12*44 

12-60 

12-75 

12-91 

13-06 

13*21 

18*37 

13*49 

13*61 

13-73 

13*85 

13*97 

14-09 

14*21 

14-33 

14-45 

14-55 

14-72 

14-88 

15-05 

15*21 

15*38 

15-54 

15*71 

15-87 

16*04 

16*20 

16-33 

16*46 

16*59 

16*72 

16*85 

16*98 

17*11 

17*24 

17*37 

17*50 

17-63 

17*76 

17*89 

18*02 

18*15 

18-28 

18-41 

18*54 

18-67 

18-80 



H 



6-87 
7-08 
7*29 
7*50 
7*70 
7*91 
8*11 
8-32 
8*53 
8*74 
8*93 
9*11 
9-30 
9*48 
9*67 
9*85 
10*04 
10*22 
10*41 
10*58 
10*75 
10*92 
11*09 
11*26 
11*43 
11*59 
11*76 
11*93 
12*10 
12*27 
12*43 
12-59 
12-75 
12*91 
13-07 
13*23 
13*39 
13-55 
13-71 
13-87 
14*01 
14*15 
14*29 
14*42 
14*56 
14-70 
14-83 
14-97 
15-11 
15-25 
15-40 
15*56 
15*71 
15*87 
16*02 
16*18 
16*33 
16*49 
16-65 
16-81 
16*95 
1708 
17*22 
17*35 
17*49 
17*62 
17*75 
17*89 
18*02 
18*15 
18*29 
18*42 
18*56 
18*69 
18*83 
18*96 
19*10 
19*23 
19-37 
19*52 



7*14 

7-35 

7*57 

7*78 

8*00 

8*21 

8*43 

8*64 

8*86 

9*07 

9*27 

9*47 

9-56 

575 

9*94 

1013 

10*32 

10*51 

10*80 

10*99 

11*17 

11*34 

11*52 

11-69 

11*87 

12*04 

12*22 

12-39 

12*57 

12*75 

12*92 

18*09 

13*26 

13*43 

13*60 

13-77 

13-94 

1411 

14*28 

14*44 

14*60 

14*76 

14*91 

15-06 

15*21 

15-36 

15-51 

15*66 

15*81 

15*96 

16*11 

16*26 

16*41 

16*56 

16*71 

16*86 

1701 

17*16 

17*31 

17-45 

17-59 

17-73 

17-88 

18-03 

18-17 

18*31 

18-45 

18-59 

18-74 

18-87 

19-01 

19*14 

19*27 

19*40 

19*54 

19*67 

19*81 

19-95 

20-09 

20*25 



5i 



7-36 
7-59 
7*81 
8*04 
8-26 
8*48 
8*70 
8-92 
9*14 
9*36 
9*56 
9*76 
9-96 
10*15 
10*35 
10*55 
10*74 
10*94 
11*14 
11*34 
11-53 
11-71 
11-89 
12*07 
12*25 
12*43 
12*61 
12*79 
12*97 
13*15 
13*32 
13*50 
13*67 
13*85 
14*02 
1419 
14-36 
14*53 
14*70 
14*86 
15-02 
15*18 
15*34 
15*50 
15*66 
15*82 
15*98 
16*14 
16-30 
16*46 
16-61 
16*77 
16*92 
17*08 
17*23 
17-39 
17-54 
17*70 
17*85 
18*00 
18*15 
18*29 
18*43 
18*58 
18*72 
18*87 
19*02 
19*16 
19-31 
19*47 
19*61 
19*75 
19*89 
20-03 
20*17 
20*31 
20*45 
20-59 
20-78 
20-87 



7-59 

7*82 

8*05 

8*28 

8*51 

8*74 

8*97 

9*20 

9*43 

9*65 

9*86 

10*06 

10-27 

10*47 

10*68 

10*88 

11*09 

11*29 

11*49 

11*69 

U-88 

12*06 

12*25 

12*43 

12*62 

12*80 

12*99 

13*17 

13*36 

13*55 

13*73 

13*90 

14*08 

14*25 

14-43 

14*60 

14*78 

14-95 

15-13 

15*31 

15-48 

15-64 

15-81 

15*97 

16*14 

16*30 

16*47 

16*63 

16-80 

16-96 

17*12 

17*28 

17*44 

17*60 

17*76 

17*92 

18*08 

18-24 

18-40 

18*55 

18*71 

18*86 

19*01 

19*16 

19*81 

19*46 

19-61 

19-75 

19-90 

20*06 

20-21 

20-36 

20-50 

20*65 

20*79 

20*94 

21*08 

21-23 

21*37 

21*52 



6i 



7*78 

8*02 

8-25 

8-49 

8-72 

8*96 

9*19 

9*43 

9*66 

9*90 

10*11 

10*32 

10*53 

10*74 

10-95 

11*16 

11*37 

11*58 

11*79 

11*99 

12-19 

12-39 

12-58 

12-77 

12*96 

13*15 

13*34 

13-53 

13*72 

13*91 

14*09 

14*27 

14*45 

14-63 

14*81 

14*99 

1517 

15-35 

15-53 

15-71 

15-88 

16-05 

16*22 

16-39 

16*56 

1.6-73 

16-90 

17-07 

17-24 

17-41 

17*57 

17*74 

17*90 

18-06 

18-22 

18-38 

18-54 

18-70 

18-86 

1903 

1919 

19-35 

19*50 

19*65 

19*80 

19*95 

2010 

20*25 

20*40 

20*56 

20*72 

20*87 

21*02 

21*17 

21*32 

21*47 

21*62 

21*77 

21*92 

22*07 



7*99 

8*23 

8*47 

8-71 

8-95 

9-19 

9*43 

9*67 

991 

10*15 

10*37 

10*58 

10*79 

11*00 

11*22 

11*43 

11*64 

11-86 

1207 

12*29 

12*49 

12*69 

12*88 

13-08 

13-28 

13-47 

13-67 

13-87 

14*07 

14*27 

14*46 

14*64 

14*83 

15*02 

15*20 

15*39 

15*57 

15*76 

15*94 

16*11 

16*29 

16*47 

16-65 

16-83 

1701 

17*18 

17*35 

17*52 

17*69 

17*86 

18*03 

18-20 

18*37 

18-54 

18-71 

18*87 

19*03 

19*19 

19*35 

19*52 

19-68 

19-84 

20-00 

20*16 

20-32 

20-48 

20-64 

20*80 

20*96 

21*11 

21*27 

21*42 

21*58 

21-73 

21-88 

21-03 

21*18 

21-33 

21*48 

22-65 



n 



8-18 

8-44 

8*70 

8*96 

9*22 

9*48 

9*73 

9*98 

10*23 

10*48 

10*70 

10*91 

11*12 

11*33 

11-54 

11*75 

11*96 

12*17 

12*38 

12*57 

12-77 

12*98 

13*18 

13*38 

13*58 

13*78 

13-98 

14*18 

14*38 

14*58 

14*77 

14*96 

15*15 

15-34 

15-53 

15*72 

15*91 

1610 

16-29 

16*47 

16*65 

16-83 

17-01 

17-19 

17*37 

17*55 

17*73 

17*91 

18*09 

18*26 

18-44 

18-61 

18-78 

18-95 

19-12 

19-29 

19-46 

19-63 

19-80 

19-97 

20-14 

20*31 

20-47 

20-63 

20-79 

20-95 

2111 

21-27 

21*43 

21*59 

21-75 

21-91 

22*07 

22*23 

22-39 

22*54 

22*69 

22*84 

22*99 

23*15 



8 



8*36 
8*61 
8*86 
9*11 
9*36 
9*61 
9*86 
10-11 
10*36 
10*61 
10*84 
11*07 
11*30 
11*53 
11*76 
11*98 
12-20 
12*42 
12*64 
12*86 
13*07 
13-28 
13-49 
13-70 
13*91 
14*12 
14-32 
14-52 
14-72 
14-92 
15*12 
15-32 
15-52 
15*71 
15*90 
16*09 
16*28 
16-47 
16-66 
16-85 
1704 
17-23 
17-41 
17-59 
17*77 
17-95 
18*13 
18*31 
18*49 
18-67 
18-85 
19-03 
19*21 
19-39 
19*56 
19-73 
19-90 
20-07 
20-24 
20-41 
20-58 
20-75 
20-92 
21*09 
21-26 
21-43 
21-59 
21-75 
21*91 
22-07 
22-24 
22-40 
22*57 
22*73 
22-89 
23*05 
23*21 
23*37 
23*53 
23-69 



H 



8*55 
8*83 
9*10 
9-86 
9-61 
9*85 
10-10 
10*36 
10*61 
10*82 
11*05 
11*28 
11*51 
11*74 
11-97 
12-20 
12-43 
12-66 
12*89 
13-11 
13-33 
13-54 
13-75 
13-96 
14-17 
14-38 
14-59 
14*80 
1501 
15-22 
15*42 
15-62 
15-82 
16-02 
16-22 
16-42 
16-61 
16-80 
16-99 
17-18 
17-37 
17-56 
17-75 
17*94 
18*13 
18*32 
18*50 
18*68 
18*86 
19*04 
19*22 
19-40 
19-58 
19-76 
19*94 
20*12 
20*30 
20*47 
20*64 
20*81 
20-99 
21-16 
21-33 
21-50 
21*67 
21*84 
22*01, 
22-18 
22-35 
22*52 
22*69 
22*86 
2303 
2319 
23-35 
23-51 
23-67 
23*83 
23*99 
24*15 



8*69 
8-96 
9*23 
9-50 
9*76 
10-02 
10*28 
10*54 
10*80 
11*04 
11*28 
11*52 
11*76 
11*99 
12*22 
12*45 
12*68 
12*91 
1314 
13-37 
13-59 
13-81 
14-03 
14-25 
14*46 
14-67 
14*88 
15*09 
15-30 
15-51 
15-72 
15*92 
1612 
16*32 
16*52 
16*72 
16-92 
17*12 
17*32 
17*62 
17*71 
17*90 
18*09 
18*28 
18*47 
18*66 
18*85 
19*04 
19*23 
19*42 
19*60 
19*78 
19*96 
20*14 
20*32 
20-60 
20-68 
20-86 
21*04 
21*22 
21*40 
21*58 
21*76 
21*94 
22*11 
22*28 
22*45 
22*62 
22-79 
22-96 
23-13 
23-30 
23-47 
23-64 
23*81 
23*98 
24*15 
24*32 
24*48 
24*64 



a^ 



§ nlRIOT 



21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
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Dimensians of Parts of Marine Engines, 



^1 


Crank-pin 
JoumaL 


Dimenaioni of the aeTeral Parte of CroMhead. 


DIMENSIONS OF THB SEVERAL 


B-S. 


h 

O g 

r 

5 


! 




* 

1 
I 




1 

ii 

t-i 

JS 






3 


1 

• 


.9 


1^ 


Minor Diameter of 
Part in CroMbead. 


II 

5-S 


II 




23 


3*24 


3*68 


•95 


6*61 


1-97 


2*20 


1*66 


6*16 


1-40 


2*32 


2*30 


4*60 


2-18 


2-07 


3*22 


2*64 




34 


3*38 


3*84 


-99 


6*90 


2*05 


2*29 


1*73 


6*42 


1*47 


2*42 


2*40 


4*80 


2*28 


2*16 


3*36 


2*76 




25 


3-53 


4*00 


1-03 


7*19 


2*14 


2*39 


1*81 


6*68 


1-53 


2*52 


2*50 


5*00 


2*37 


2*25 


3*50 


2*87 




26 


3*66 


4*16 


1*07 


7*48 


2*22 


2*48 


1*88 


6*95 


1*59 


2*63 


2-60 


5-20 


2*47 


2*34 


3*64 


2*99 




27 


3*80 


4*32 


1-11 


7*76 


2*31 


2*58 


1*95 


7*22 


1*65 


2*73 


2*70 


5*40 


2*56 


2-43 


3*78 


. 3*11 




28 


3*94 


4*48 


1*15 


8*05 


2-39 


2*67 


2*02 


7-49 


1*71 


2*83 


2*80 


5*60 


2*66 


2*52 


3*92 


3*22 




29 


4*08 


4*64 


1*19 


8*33 


2*48 


2*77 


2*10 


7-75 


1*77 


2*93 


2-90 


5*80 


2*75 


2*61 


4*06 


3*34 




30 


4*26 


4*80 


1-24 


8*61 


2*57 


2*86 


2*17 


8-02 


1*83 


3*03 


3*00 


6*00 


2*85 


2*70 


4*20 


3-45 




31 


4*40 


4*96 


1-28 


8-89 


2*65 


2*96 


2*24 


8-29 


1*89 


313 


310 


6*20 


2*94 


2*79 


4*34 


3*57 




82 


4-54 


5*12 


1*32 


9-18 


2-74 


3*06 


2*31 


8*56 


1-95 


3*23 


3*20 


6*40 


3-04 


2*88 


4*48 


3*68 




33 


4*68 


5*28 


1*36 


9*46 


2-82 


3-16 


2.38 


8-83 


2*01 


3*33 


3*30 


6*60 


3-13 


2*97 


4*62 


3*80 




84 


4*83 


5*44 


1*40 


9*72 


2*92 


3*26 


2*45 


9-11 


2*07 


3*43 


3*4 


6*8 


3-23 


3*06 


4-76 


3*91 




85 


4*97 


5-60 


1-44 


10*01 


3-01 


3*40 


2*52 


9*38 


213 


3-53 


3*5 


7*0 


3-32 


3*15 


4*90 


4-02 




86 


5-11 


576 


1*48 


10*30 


3*09 


3*49 


2*59 


9*65 


2*19 


3*63 


3*6 


7-2 


3-42 


3*24 


5*04 


4*14 




87 


5*26 


5-92 


1-52 


10*59 


3*18 


3*59 


2*66 


9*92 


2*25 


3*73 


3*7 


7-4 


3-51 


3*33 


5*18 


4*25 




38 


5*40 


6*08 


1*56 


10*88 


3*26 


3*69 


2*73 


10*18 


2*31 


3*83 


3*8 


7-6 


3-61 


3*42 


5*32 


4*36 




39 


5*54 


6-24 


1*60 


11*17 


3*35 


3*78 


2*81 


10*45 


2*37 


3*93 


3*9 


7-8 


3*70 


3*51 


5*46 


4*48 




40 


5*69 


6*40 


1*65 


11*46 


3*44 


3*88 


2-88 


10*72 


2*44 


4*04 


4*0 


8*0 


3*80 


3*60 


5*60 


4*59 




41 


5*83 


6*52 


1*69 


11*75 


3*52 


3-98 


2*95 


10*99 


2*50 


4*14 


4*1 


8*2 


3*89 


3*69 


5*74 


4-70 




42 


5*97 


6*68 


1*73 


12*03 


3*61 


4*07 


3*02 


11*26 


2*56 


4*24 


4*2 


8*4 


3*99 


3*78 


5*88 


4-82 




43 


6-11 


6*84 


1-77 


12*32 


3*70 


4*17 


3*09 


11*53 


2*63 


4*34 


4*3 


8*6 


4-08 


3*87 


6*02 


4*93 




44 


6.25 


7*00 


1-81 


12-61 


3*78 


4*27 


3*16 


11*80 


2*68 


4*44 


4*4 


8*8 


4-18 


3*96 


6*16 


5-05 




45 


6*89 


7*16 


1-85 


12*90 


3*87 


4*36 


3*24 


12*07 


2*74 


4*54 


4*5 


9*0 


4*27 


4*05 


6*30 


5-17 




46 


6*54 


7*32 


1-89 


13*19 


3*95 


4*46 


3*31 


12*33 


2*80 


4*64 


4*6 


9*2 


4*37 


4*14 


6*44 


5*28 




47 


6*68 


7*47 


1*93 


13*48 


4*04 


4*55 


3*38 


12*60 


2*86 


4*74 


4*7 


9*4 


4*46 


4*23 


6*58 


5*39 




48 


6*82 


7*63 


1*98 


13.77 


4*12 


4*65 


3-45 


12*87 


2-93 


4*84 


4*8 


9*6 


4*56 


4-32 


6*72 


5*51 




49 


6-96 


7*79 


2-03 


14*05 


4*21 


4-75 


3*52 


13*14 


2-99 


4*94 


4*9 


9*8 


4*65 


4*41 


6*86 


5-62 




50 


7-11 


7*95 


2*07 


14*34 


4*29 


4-84 


3*59 


13*41 


3-05" 


5*05 


5*0 


lOH) 


4*75 


4*50 


7*00 


5-74 




51 


7*25 


8*11 


2*11 


14*62 


4-38 


4-94 


8-67 


13*67 


3*11 


5*15 


51 


10*2 


4*84 


4*59 


7*14 


5-85 




52 


7-39 


8*27 


2*15 


14-91 


4-46 


5*04 


3*74 


13-94 


3*17 


5*25 


5*2 


10*4 


4*94 


4*68 


7-28 


5*97 




53 


7*53 


8.43 


2*19 


15*20 


4-55 


5-13 


3*81 


14-21 


3*24 


5*35 


5*3 


10*6 


5*04 


4*77 


7*42 


6*09 




54 


7.67 


8*59 


2*23 


15*49 


4*64 


5*24 


3*88 


14*48 


3*30 


5*45 


5-4 


10-8 


5*13 


4*86 


7*56 


6-21 




55 


7*81 


8*75 


2*27 


15*78 


4*73 


5*34 


3*96 


14-74 


3-36 


5*55 


5*5 


11-0 


5*23 


4*95 


7-70 


6*33 




56 


7*95 


8-91 


2-31 


16*07 


4*81 


5*43 


4*03 


15-01 


3-42 


5*65 


5*6 


11-2 


5*32 


5*04 


7*84 


6*44 




57 


8*09 


9*07 


2*35 


16*36 


4*90 


5-53 


4-10 


15-28 


3*49 


5*75 


5*7 


11*4 


5*42 


5*13 


7-98 


6*56 




58 


8*24 


9*23 


2*40 


16*65 


4*98 


5-62 


4-17 


15-55 


3*55 


5*85 


5-8 


11*6 


5*51 


5*22 


8*12 


6*67 




59 


8*38 


9*39 


2*44 


16*94 


5*07 


5-72 


4-24 


15-82 


3*61 


5*95 


5*9 


11*8 


5*61 


5-31 


8*26 


6*79 




60 


8*52 


9*54 


2*48 


17*22 


515 


5*82 


4-31 


16-09 


3*67 


6*06 


6*0 


12*0 


5*70 


5*40 


8*40 


6*90 




61 


8*66 


9*70 


2*52 


17*51 


5-24 


5-91 


4*38 


16*36 


3*74 


6*16 


6*1 


12*2 


5-80 


5*49 


8*54 


7*02 




62 


8*80 


9*86 


2*56 


17*80 


5*33 


6-00 


4*45 


16-62 


3*80 


6*26 


6*2 


12*4 


5-89 


5*58 


8-68 


7*13 




63 


8*95 


10*02 


2*60 


18-09 


5*41 


6-10 


4*53 


16*88 


3*86 


6*36 


6*3 


12*6 


5*99 


5*67 


8-82 


7*25 




64 


9-09 


1018 


2*64 


18*37 


5-50 


6-19 


4*60 


17-15 


3*93 


6*46 


6*4 


12*8 


6*08 


5*76 


8*96 


7*36 




65 


9*23 


10*34 


je*68 


18*66 


5-58 


6-29 


4*67 


17-42 


3*99 


6*56 


6*5 


13*0 


6*18 


5*85 


9*10 


7*48 




66 


9*37 


10*50 


a*72 


18*95 


5*67 


6-39 


4*74 


17-69 


4*05 


6*66 


6*6 


13*2 


6*27 


5*94 


9*24 


7*59 




67 


9*51 


10*66 


b-76 


19-23 


5-75 


6-48 


4*81 


17-96 


4*11 


6*76 


6*7 


13*4 


6*37 


6*03 


9*38 


7*71 




68 


9*65 


10*82 


*2*80 


19*51 


5*84 


6*58 


4*88 


18*23 


4*17 


6*86 


6*8 


13*6 


6*46 


6*12 


9*52 


7*82 




69 


9*80 


10*98 


2*84 


19*80 


5*92 


6-67 


4*95 


18-49 


4*24 


6*96 


6-9 


13*8 


6*56 


6*21 


9*66 


7*93 




70 


9*94 


11*13 


2*88 


20*08 


6-01 


6-77 


5-02 


18-76 


4*30 


7-07 


70 


14-0 


6*65 


6*30 


9*80 


8*05 




71 


10*08 


11*29 


2*93 


20*36 


6*10 


6*87 


5*10 


19-03 


4*36 


7*17 


7*1 


14*2 


6*75 


6*39 


9*94 


8*16 




72 


10*22 


11*45 


2*97 


20*64 


6*18 


6*97 


5*17 


19-30 


4*43 


7*27 


7*2 


14*4 


6*84 


6*48 


10*08 


8-28 




73 


10*36 


11*61 


3*01 


20*92 


6*27 


7-06 


5*25 


19-56 


4*49 


7*37 


7*3 


14*6 


6*94 


6*57 


10*22 


8*39 




74 


10*50 


11*77 


•3*05 


21*21 


6-35 


7-16 


5*32 


19-83 


4*55 


7*47 


7*4 


14*8 


7*03 


6-66 


10*36 


8*51 




75 


10*65 


11*93 


3*09 


21*49 


6-44 


7*26 


5*40 


20-09 


4*62 


7*57 


7*5 


15*0 


7*13 


6*75 


10*50 


8*62 




76 


10*79 


12*08 


3*13 


21*74 


6*54 


7-37 


5*47 


20*35 


4*64 


7*68 


7*6 


15*2 


7*22 


6*84 


10*64 


8-74 




77 


10*93 


12*24 


3*17 


22*03 


6-62 


7-47 


5*54 


20*62 


4*70 


7-78 


7*7 


15*4 


7*31 


6*93 


10*78 


8*85 




78 


11-07 


12*40 


3*21 


22*31 


6*71 


7-56 


5*61 


20*89 


4*76 


7-88 


7*8 


15*6 


7*41 


7*02 


10-92 


8-97 




79 


11*22 


12*56 


3*25 


22*59 


6*79 


7-66 


5-68 


21*16 


4*82 


7-98 


7*9 


15*8 


7-50 


7*11 


11-06 


9-08 




80 


11*36 


12*72 


3*29 


22*87 


6-88 


7*75 


5*76 


21*43 


4*88 


8-08 


8*0 


16*0 


7*60 


7*20 


11-20 


9-20 




81 


11*60 


12*88 


3*34 


2316 


6-96 


7-85 


5-83 


21*71 


4*94 


818 


8*1 


16*2 


7*69 


7*29 


11-34 


9*31 




82 


11*64 


1304 


3*39 


23*45 


7-05 


7-94 


5*90 


21*98 


5*00 


8*28 


8*2 


16*4 


7*79 


7*38 


11-48 


9*43 




83 


11*78 


13*19 


3*44 


23*73 


7-14 


8*04 


5*97 


22*25 


5*07 


8*38 


8*3 


16-6 


7*88 


7*47 


11-62 


9*54 




84 


11*93 


13*35 


3*48 


24*02 


7-22 


8*14 


6*04 


22*52 


5*13 


8-48 


8*4 


16*8 


7*98 


7*56 


11*76 


9*66 




85 


12*07 


13*51 


3*52 


24*30 


7*31 


8*23 


6*11 


22*79 


5*19 


8*58 


8*5 


170 


8*08 


7-65 


11*90 


9*77 




86 


12*21 


13*67 


3*56 


24*59 


7*40 


8*33 


6*18 


23*06 


5-25 


8*68 


8*6 


17*2 


8*18 


7*74 


12-04 


9*89 




87 


12*36 


13*83 


3*60 


24*87 


7*48 


8*42 


6*26 


23*33 


5*31 


8*78 


8*7 


17*4 


8*27 


7*83 


1218 


10-00 




88 


12*50 


13*99 


3*64 


25*16 


7*57 


8*52 


6*33 


23*60 


5-37 


8*88 


8*8 


17*6 


8*37 


7*92 


12*32 


10*12 




89 


12*64 


14*15 


3*68 


25*44 


7*65 


8*61 


6*40 


23*88 


5*43 


8*98 


8-9 


17*8 


8*46 


8*01 


12*46 


10-23 




90 


12-79 


14*30 


3-72 


25*72 


7-74 


8-71 


6*48 


24*15 


5*49 


9-09 


9*0 


18*0 


8*56 


8*10 


12*60 


10*34 




91 


12*93 


14*46 


3*76 


26*01 


7-82 


8*80 


6*55 


24*41 


5*55 


9*19 


9*1 


18*2 


8*65 


8*19 


12*74 


10-46 




92 


13*07 


14*62 


3*80 


26*30 


7-91 


8*90 


6*62 


24*68 


5*61 


9*29 


9*2 


18*4 


8*75 


8*28 


12*88 


10*57 




98 


13*21 


14*78 


3*84 


26*58 


8*00 


9*00 


6*69 


24*94 


5*67 


9-39 


9*3 


18*6 


8*84 


8*37 


13-02 


10*69 




94 


13*35 


14*94 


3*88 


26*87 


8*08 


9*09 


6*76 


25*20 


5-73 


9*49 


9-4 


18*8 


8*94 


8*46 


13*16 


10*80 




95 


13*49 


15*10 


3*92 


27*15 


8*17 


919 


6*84 


25*47 


5*79 


9-59 


9*5 


19*0 


9*03 


8*55 


13*30 


10*92 




96 


13*64 


15*26 


3*96 


27*43 


8*25 


9*29 


6*91 


25*73 


5*85 


9-69 


9*6 


19*2 


9*12 


8.64 


13*44 


11*03 




97 


13*78 


15*42 


4-00 


27*72 


8*34 


9-38 


6*98 


26*00 


5-92 


9*79 


9*7 


19*4 


9-22 


8*7^ 


13-58 


11*15 




98 


13*92 


15-58 


4-04 


28*01 


8*43 


9-48 


7-05 


26*27 


5*98 


9*89 


9*8 


19*6 


9*32 


8*82 


13-72 


11*26 




J 99 


14*06 


15-74 


4-08 


28-29 


8*51 


9-57 


7-13 


26-53 


6*04 


9*99 


9*9 


19*8 


9-41 


8*91 


13-86 


11-37 




^/ao J 


Jd-SO ^ 


15*90 

i 


4-12 


28-58 


8-59 


9*67 


7*22 


26*79 


6*10 


1010 


10*0 


20-0 


9-50 


9*00 


14*00 


11-49 
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PARTS OF PISTON ROD. 


« 






Dimansiooa of the levaral'Parta of the Goonacting Rod. 










Depth of Giba and 

Cutter through 

Croaahead. 


Thickness of Gibs 

and Cutter through 

Croasbead. 


Depth of Cutter 
through Piston. 

1 


Thicknesa of Cutter 
through Piston. 


Diameter of Con- 
necting Rod at Ends. 


Maior Diameter of 


Minor Diameter of 
Part in CroaataU. 


•3 


• 
9 

i 


Mean Thickness of 
Strap at Cutter. 


Mean Thickneas of 
Strap above Cutter. 


Distance of Cutter 
from End ot Strap. 


Breadth of Gibs and 

Cutter through 

CroaataU. 


Breadth of GOm and 

Cutter through 

Butt. 


Thickneas of Giba 

and Cutter through 

Butt. 


^1 

1' 




8-42 


•48 


1*95 


•80 


2*18 


2*25 


2*07 


3*58 


2*87 


-99 


•74 


1-11 


2*41 


2*53 


•64 


88 




8*53 


•50 


8*04 


•84 


2*28 


8*35 


2*16 


8*73 


3*00 


1-03 


•77 


1-16 


2*58 


2*64 


•67 


84 




8*63 


•58 


8*12 


•87 


2*37 


8*45 


2*25 


3*89 


3*12 


1*07 


•80 


1*20 


8*68 


2*75 


•70 


85 




2-74 


•54 


2*21 


•90 


2*47 


8*55 


2*34 


4*05 


3*25 


1*11 


•84 


1*25 


8*73 


2-86 


•73 


86 




8-84 


•57 


2*29 


•94 


2*56 


8*64 


2*43 


4*20 


8*37 


1*15 


-87 


1-30 


8-83 


8-97 


•76 


87 




8*95 


•59 


2*38 


•97 


2*66 


8*74 


2*52 


4*36 


8*50 


1-19 


•90 


1-35 


8*94 


3-08 


•79 


38 




8-05 


-61 


2*46 


1*00 


2*75 


8*84 


2*61 


4*51 


8*62 


1*23 


-93 


1*39 


3*04 


3*19 


•81 


89 




8*16 


•63 


2*55 


1*04 


2*85 


8*93 


2*70 


4*67 


3*75 


1*28 


-97 


1*44 


3*15 


8*30 


•83 


80 




8-86 


-65 


2*63 


1*07 


2*94 


3*03 


2*79 


4*83 


3*87 


1*33 


1*00 


1*49 


3-85 


3*41 


•86 


81 




8-37 


•67 


2*72 


1*10 


3*03 


3*13 


2*88 


4*99 


4*00 


1*37 


1*03 


1*53 


3-86 


3*58 


•89 


88 




8-47 


•69 


2*80 


1-14 


3-13 


3*83 


2*97 


5*15 


4*12 


1*41 


1*06 


1*58 


3-46 


3*63 


•92 


33 




8*57 


•71 


289 


1*19 


3*23 


3*33 


3*06 


5*30 


4*25 


1*46 


1*09 


1*65 


8*57 


3*74 


•99 


84 




8-67 


•73 


2*97 


1*22 


3*33 


3*48 


3*15 


5*46 


4*37 


1*50 


1*12 


1*70 


3*67 


3*85 


1-02 


85 




8-78 


•75 


3*06 


1*26 


3*42 


3*52 


3*24 


5*61 


4*50 


1*54 


1*15 


1*75 


3*78 


3*96 


1*05 


86 




8-88 


•78 


3-14 


1*29 


8*52 


3*62 


8*33 


5*77 


4*62 


1*59 


1*19 


1*80 


3*88 


4*07 


1*08 


37 




8*99 


•80 


3*23 


1*33 


3*61 


3*78 


3*42 


5*92 


4*75 


1*63 


1*22 


1*84 


8*99 


4*18 


1*11 


88 




4*09 


•82 


3*31 


1*36 


3*71 


3-81 


8*51 


6-08 


4*87 


1*67 


1*25 


1*89 


4*09 


4*29 


M4 


89 




4*20 


•84 


3*40 


1*40 


3*80 


3*91 


3*60 


6*23 


5*00 


1*72 


1*28 


1*94 


4-20 


4*40 


1-17 


40 




4*30 


•86 


3-48 


1*43 


3*90 


4*01 


3*69 


6*38 


5*12 


1*76 


1*32 


1*99 


4*31 


4*51 


1-20 


41 




4*41 


•89 


3-57 


1*47 


3*99 


4*11 


3*78 


6*54 


5*25 


1*80 


1*35 


2*03 


4*41 


4*62 


1-28 


48 




4*51 


-91 


3*65 


1-50 


4*09 


4*81 


8*87 


6*69 


5*37 


1*85 


1*38 


2*07 


4*52 


4*73 


1*25 


48 




4-68 


-93 


3*74 


1-54 


4*18 


4*30 


3*96 


6*85 


5*50 


1*90 


1*42 


2*11 


4*62 


4-84 


1-28 


44 




4*72 


•95 


3*82 


1*57 


4*28 


4*40 


4*05 


7*01 


5*62 


1*94 


1*45 


2*15 


4*73 


4*95 


1-31 


45 




4*83 


•97 


3-91 


1-61 


4*37 


4*50 


4*14 


7*16 


5*75 


1*98 


1*48 


2*20 


4*83 


5-06 


1*34 


46 




4*93 


1-00 


3-99 


1-64 


4*47 


4*60 


4*23 


7-32 


5*87 


2*02 


1*52 


2*25 


4*94 


517 


1*37 


47 




5*04 


1*02 


4*08 


1*68 


4*56 


4-70 


4*32 


7*47 


6*00 


2-07 


1*55 


2-29 


5*04 


5*28 


1*40 


48 




5*14 


1*04 


4*16 


1*71 


4*66 


4-79 


4*41 


7-63 


6*12 


211 


1-59 


2-34 


5*15 


5*39 


1*43 


49 




5-85 


1-07 


4*25 


1*75 


4*75 


4-89 


4*50 


7*78 


6*25 


216 


1*62 


2-39 


5*25 


5*50 


1*45 


50 




5-35 


1-09 


4*33 


1*78 


4-85 


4-99 


4*59 


7-94 


6*37 


2*20 


1*65 


2*44 


5-36 


5*61 


1*48 


51 




5-46 


1*11 


4*42 


1-82 


4*94 


5-09 


4*68 


8-10 


6*50 


2*24 


1-68 


2-49 


5-46 


5*72 


1*51 


52 




5-56 


1*13 


4*50 


1*85 


5*05 


5*19 


4*77 


8-26 


6*62 


2*28 


1-71 


2*54 


5-57 


5-83 


1*54 


53 




5-67 


115 


4*59 


1*89 


5*13 


5-29 


4*86 


8*42 


6-75 


2-32 


1*73 


2-59 


5*67 


5*94 


1*57 


54 




5*77 


1*17 


4-69 


1*92 


5*23 


5-39 


4*95 


8*58 


6-87 


2-36 


1-76 


2*64 


5*78 


6*05 


1*60 


55 




5*88 


119 


4*77 


1-96 


5*32 


5-49 


5-04 


8*73 


7*00 


2-40 


1*79 


2*69 


5*88 


6*16 


1*62 


56 




5*98 


1*21 


4*85 


1*99 


5*42 


5-59 


5*13 


8*89 


7-12 


2-45 


1*83 


2*74 


5*99 


6*27 


1*65 


57 




6*09 


1*23 


4-94 


2*03 


5*51 


5*68 


5*22 


9-05 


7-25 


2*49 


1-86 


2-78 


6*09 


6*38 


1*68 


58 




6*19 


1*25 


5-02 


2*06 


5*61 


5-78 


5*31 


0-20 


7-37 


2-53 


1-89 


2*83 


6*20 


6-49 


1*70 


59 




6*30 


1*27 


5*11 


2*10 


5*70 


5-88 


5*40 


9*35 


7-50 


2-58 


1*93 


2*88 


6*31 


6*60 


1-72 


60 




6-40 


1-29 


5*19 


213 


5*80 


5-98 


5*49 


9*51 


7-62 


2-62 


1-96 


2*93 


6*41 


6*71 


1-75 


61 




6*51 


1*31 


5*28 


217 


5*89 


6-07 


5*58 


9*66 


7-75 


2*66 


1*99 


2*98 


6*52 


6*82 


1-78 


68 




6*61 


1*33 


5*36 


2*20 


5*99 


6-17 


5-67 


9*82 


7-87 


2*71 


2*02 


3-03 


6*62 


6*93 


1-81 


68 




6*78 


1*35 


5-45 


2*24 


6*08 


6*27 


5*76 


9*98 


8-00 


2*75 


2-06 


3*08 


673 


704 


1*84 


64 




6-88 


1*37 


5*53 


2-27 


6*18 


6-37 


5*85 


10-14 


8*12 


2*79 


2*09 


3-12 


6*83 


7*15 


1*87 


65 




6-93 


1*39 


5*62 


2*31 


6*27 


6-46 


5*94 


10*29 


8*25 


2*84 


212 


317 


6*94 


7*26 


1*89 


66 




7-03 


1*41 


5*70 


2*34 


6*37 


6*56 


6*03 


10*44 


8*37 


2*88 


215 


3*22 


7*04 


7*37 


1*91 


67 




7-14 


1*43 


5*79 


2*38 


6*46 


6-66 


6*12 


10*59 


8*50 


2*92 


219 


3*27 


7-15 


7*48 


1*94 


68 




7-84 


1*45 


5*87 


2-41 


6*56 


6-76 


6*21 


10*75 


8*62 


2*97 


2-22 


3-32 


7-25 


7*59 


1*97 


69 




7*35 


1*47 


5*96 


2*44 


6*65 


6-85 


6-30 


10*90 


8-75 


3*01 


2*25 


3-37 


7*36 


7*70 


1*99 


70 




7-45 


1*49 


6-04 


2*48 


6*75 


6*95 


6*39 


11*06 


8*87 


3*05 


2*28 


3*41 


7-46 


7*81 


2-01 


71 




7*56 


1*51 


613 


2*51 


6*84 


7-05 


6*48 


11*22 


9*00 


3*09 


2-31 


3*46 


7*57 


7-92 


2-03 


78 




7*66 


1-53 


6*21 


2*55 


6*94 


7-15 


6-57 


11*37 


9*12 


3*13 


2*34 


3*50 


7*«7 


8*03 


2-05 


73 




7*77 


1*55 


6*30 


2*58 


7*03 


7-24 


6*66 


11*53 


9*25 


318 


2*38 


3*55 


7*78 


8*14 


2*07 


74 




7*87 


1*57 


6*38 


2*62 


713 


7-34 


6*75 


11*68 


9*37 


3*23 


2*41 


3*60 


7-88 


8*25 


2*10 


75 




7*98 


1-67 


6*46 


2*66 


722 


7*45 


6*84 


11*93 


9*50 


3*27 


2-43 


3*64 


7*98 


8-36 


2*20 


76 




8-08 


1-69 


6-55 


2*69 


7*32 


7*55 


6*93 


12*09 


9*62 


3*31 


2-47 


3*69 


8*08 


8*47 


2*23 


77 




8*19 


1*70 


6*63 


2-73 


7*41 


7-65 


7*02 


12*25 


9*75 


3*35 


2-50 


3*74 


8*19 


8*58 


2*26 


78 




8-89 


1*72 


6-72 


2-76 


7*51 


7*75 


711 


12*41 


9*87 


3*40 


2-53 


3*79 


8*29 


8*69 


2-29 


79 




8*40 


1*73 


6.80 


2*80 


7*60 


7*85 


7*20 


12*57 


10*00 


3-44 


2-56 


3*84 


8*40 


8*80 


2*32 


80 




8-50 


1*75 


6-89 


2*83 


7*70 


7*94 


7*29 


12*73 


10*12 


3-49 


2*60 


3*88 


8*50 


8*91 


2*35 


81 




8-61 


1-76 


6*97 


2*87 


7*79 


8*04 


7*38 


12*89 


10*25 


3*53 


2-63 


3*93 


8*61 


9*02 


2*38 


88 




8-71 


1-78 


7*06 


2*90 


7*89 


8*14 


7-47 


13*04 


10*37 


3*57 


2*66 


3*98 


8*71 


9*13 


2*40 


83 




8-88 


1*79 


7*14 


2*94 


7*98 


8*24 


7*56 


13*20 


10*50 


3-61 


2*69 


4*03 


8*82 


9*24 


2-43 


84 




8*98 


1*81 


7*23 


2*97 


8*08 


8*33 


7*65 


13*36 


10*62 


3-65 


2-73 


4*08 


8*92 


9*35 


2*46 


85 




9*03 


1*82 


7*31 


3*01 


8*17 


8*43 


7*74 


13-40 


10*75 


3-69 


2-76 


4*13 


9*03 


9*46 


2*49 


86 




913 


1*84 


7*40 


3-04 


8*27 


8*53 


7*83 


18*56 


10*87 


3*74 


2*79 


4*17 


9*13 


9*57 


2-52 


87 




9-84 


1*85 


7*48 


3-08 


8*36 


8*63 


7*92 


13*72 


11*00 


3*78 


2-83 


4*22 


9-24 


9*68 


2-55 


88 




9*34 


1*87 


7-57 


311 


8*46 


8*72 


X 8-01 


13*88 


11*12 


3-82 


2-86 


4*27 


9*34 


9*79 


2-58 


89 




9*45 


1*89 


7*66 


315 


8*55 


8*82 


8*10 


14*04 


11*25 


3*86 


2*89 


4*32 


9*45 


9*90 


2*60 


90 




9*55 


1*90 


7*74 


318 


8-65 


8*92 


8*19 


14*20 


11*37 


3*91 


2*92 


4*36 


9-55 


10*01 


2*63 


91 




9*66 


1*92 


7*83 


3*22 


8*74 


9*01 


8*28 


14*36 


11*50 


3*95 


2*95 


4*41 


9-66 


10*12 


8-66 


98 




9*76 


1*93 


7*91 


3*25 


8*84 


9*11 


8*37 


14*51 


11*62 


3*99 


2*99 


4*46 


9^76 


10*23 


8-69 


98 




9*87 


1*95 


8-00 


3*29 


8*93 


9*21 


8*46 


14*67 


11*75 


4*03 


3*02 


4*51 


9*87 


10-34 


8-78 


94 




9*97 


1^97 


8-08 


3*32 


903 


9-31 


8*55 


14-83 


11*87 


4*07 


3*05 


4-56 


9*97 


10*45 


8-75 


95 




10*08 


8*00 


8-17 


3-36 


9*12 


9*41 


8*64 


14*99 


12*00 


4*11 


3-08 


4-61 


10*08 


10*56 


8-78 


96 




10*18 


8*08 


8-25 


3-39 


9*22 


9*50 


8*73 


1514 


12*12 


4*15 


3*12 


4-65 


10^18 


10*67 


8-81 


97 




10*89 


8*05 


8*34 


3*43 


9*31 


9*60 


8*82 


15*30 


12-25 


4*19 


3*15 


4*70 


10*29 


10*78 


8-84 


98 




10*89 


8*08 


8*42 


3*46 


9-41 


9*70 


8-91 


15*46 
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Diameter of Cylioder, I 
in Inches. . 


Dimensions of several Parts of Cylinder Side Rods. 




Dimensions of sereral Parts of Side Lerer, and Side Lerer Centres 


> 


g Diameter of Cylinder, 
In Inches. 


Diameter of Cylinder 

Side Rods at Ends, 

in Inches. 


Breadth of Butt, in 
Inches. 


Thickness of Butt, in 
Inches. 


Mean Thickness of 
Strap at Cutter, in 
Inches. 


Mean Thickness of 

Scrap below Cutter, 

In inches. 


Depth of Gibs and 
Cutter, in Inches. 


Thickness of Gibs 
and Cutter, in Inches. 


Diameter of Main 
Centre Journal, in 
Inches. 


Length of Main 

Centre Journal, lo 

Inches. 


Depth of Eye round 
End Studs of Lt^m, 
in Inches. 


Thickness of Eye 

round End Studs, In 

Inches. 


Diameter of End 
Studs, lo Inches. 


Length of End Studs, 
in Inches. 


Diameter of Air Pump 
Studs, hi Inches. 


Length of Air Pump 
Studs, in Inches. 
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4-40 


3*47 


1*82 


1*31 


4*56 


•91 


10*.38 


15*67 


4-24 


2*97 


3*99 


4*33 


2*59 


2*90 


57 


58 


3-72 


4-47 


3*53 


1*86 


1*33 


4*64 


•93 


10*57 


15*95 


4-31 


3*02 


4*06 


4*41 


2*64 


2*92 


58 


59 


3-78 


4*55 


3*59 


1-89 


1*35 


4*72 


•94 


10*76 


16*22 


4-39 


307 


4*13 


4*48 


2*68 


2*94 


59 


60 


3-85 


4-63 


3*66 


1*92 


1*38 


4*80 


•96 


10*95 


16-50 


4*46 


3*12 


4*20 


4-56 


2*73 


2*96 


60 


61 


3-91 


4-70 


3*72 


1*95 


1-40 


4*88 


•97 


11*14 


16*77 


4'53 


3*17 


4-27 


4*63 


2*77 


3*01 


61 


62 


3-97 


4*78 


3*78 


1-99 


1*42 


4*96 


•99 


11*33 


17*05 


4-61 


3-22 


4-34 


4-71 


2*82 


306 


62 


63 


4-03 


4*86 


3*84 


2*03 


1*45 


5*04 


1*01 


11*52 


17-32 


4-68 


3*28 


4*41 


4-78 


2*86 


3*11 


63 


64 


4-10 


4-93 


3*90 


2*06 


1*47 


512 


1-03 


11*71 


17-60 


4-75 


3*33 


4*48 


4-86 


2*91 


316 


64 


65 


4-16 


5*00 


3*96 


2*09 


1*49 


5*20 


1*04 


11*90 


17*87 


4-83 


3-38 


4*55 


4*93 


2*95 


3*21 


65 


66 


4-22 


5*08 


403 


212 


1*52 


5*28 


1*06 


1209 


18*15 


4-90 


3-43 


4*62 


5*01 


3*00 


3*26 


66 


67 


4-29 


5*15 


409 


2*16 


1*57 


5*36 


1*07 


12-28 


18-42 


4-98 


3*48 


4*69 


5*09 


3*04 


3*31 


67 


68 


4-35 


5*23 


415 


2*19 


1-60 


5*44 


1*09 


12*47 


18-70 


5*05 


3-54 


4*76 


5*16 


3*09 


3*36 


68 


69 


4-41 


5*31 


4*22 


2*23 


1*62 


5-52 


1*11 


12-66 


18*97 


5-13 


3-59 


4*83 


5*24 


3*13 


3*41 


69 


70 


4-48 


5-38 


4*28 


2*26 


1*65 


5*60 


1*13 


12*85 


19*25 


5-20 


3-64 


4*90 


5*32 


3*18 


3*46 


70 


71 


4-54 


5*46 


4*34 


2*29 


1-67 


5*68 


114 


1303 


19*52 


5-28 


3-70 


4*97 


5*39 


3*23 


3*51 


71 


72 


4-60 


5*53 


4*40 


2*32 


1-69 


5-76 


1*15 


13*21 


19*80 


5-35 


3-75 


5-04 


5-47 


3*27 


3*56 


72 


73 


4-67 


5*61 


4*46 


2*36 


1*71 


6*84 


1*17 


13*40 


20-07 


5-43 


3-80 


5*11 


5-54 


3*32 


3-61 


73 


74 


4-73 


5*68 


4*52 


2-39 


1*73 


5*92 


M8 


13*58 


20*35 


5-50 


3*85 


5-18 


5*62 


3*36 


3*66 


74 


75 


4-79 


5-76 


4*58 


2*43 


1*75 


6*00 


1*20 


13*76 


20-62 


5-57 


3-90 


5*25 


5*69 


3-40 


3-71 


75 


76 


4-94 


5*85 


4*64 


2*45 


1*77 


6*08 


1*22 


13*94 


20-90 


5*65 


3*96 


5-32 


5*78 


3*45 


3*76 


76 


77 


6-00 


5*93 


4*70 


2*48 


1*79 


616 


1*23 


14-13 


21-17 


5-72 


4^01 


5-39 


5*86 


3*49 


3*81 


77 


78 


5-07 


6*01 


4-76 


2*51 


1*81 


6*24 


1-25 


14-31 


21*45 


5*80 


4-06 


5-46 


5-93 


3-54 


3-86 


78 


79 


5-13 


6*08 


4*82 


2*54 


1*83 


6*32 


1*26 


14*49 


21-72 


5-87 


4-11 


5-53 


6*01 


3*59 


3*91 


79 


80 


5-20 


6*15 


4*88 


2*57 


1*85 


6*40 


1*28 


14-67 


22-00 


5*94 


4*16 


6-60 


6*09 


3*64 


3*96 


80 


81 


5-26 


6*23 


4*94 


2*61 


1*87 


6*48 


1*30 


14*85 


22-27 


6*01 


4-22 


5-67 


6-16 


3*68 


4-01 


81 


82 


5-33 


6*31 


5-00 


2*64 


1*89 


6*56 


1*31 


15*03 


22-55 


6'09 


4*27 


5-74 


6-24 


3*73 


4*06 


82 


88 


5-40 


6*38 


5*07 


2-67 


1*91 


6*64 


1*33 


15*21 


22-82 


6'16 


4*32 


5*81 


6*31 


3*77 


4*11 


83 


84 


5-46 


6*46 


513 


2*70 


1*93 


6*72 


1*34 


15-40 


23-10 


6*23 


4-37 


5-88 


6*39 


3*82 


4*16 


84 


85 


5-53 


6*54 


5*19 


2*73 


1*95 


6*80 


1-36 


15*59 


23-37 


6*31 


4^42 


5*95 


6*47 


3*86 


4*21 


85 


86 


5-60 


6*61 


5-25 


2*77 


1*97 


6*88 


1*38 


15*77 


23*64 


6*38 


4*48 


6-02 


6*54 


3-91 


4*26 


86 


87 


5-66 


6*69 


5*31 


2*80 


1*99 


6*96 


1*39 


15*95 


23-91 


6*45 


4-53 


6-09 


6*62 


3-95 


4*31 


87 


88 


5-73 


6*77 


5*37 


2*83 


2*02 


7-04 


1-41 


16*13 


24*19 


6*53 


4*58 


6*16 


6*70 


4-00 


4-36 


88 


89 


5-79 


6*84 


5*43 


2*86 


2-04 


712 


1*42 


16-31 


24-46 


6*61 


4-63 


6*23 


6*77 


4*04 


4*40 


89 


90 


5-85 


6*92 


5-50 


2*90 


2*06 


7*20 


1*44 


16-50 


24*74 


6*69 


4-68 


6*30 


6*84 


4-09 


4*45 


90 


91 


5*91 


7*00 


5*56 


2*93 


2*08 


7*28 


1*46 


16*68 


25*01 


6-76 


4-74 


6-37 


6*92 


4-13 


4-50 


91 


92 


5-98 


7-08 


5*62 


2-96 


2-11 


7*36 


1*47 


16^87 


25*29 


6*84 


4-79 


6^44 


6*99 


4-18 


4-54 


92 


93 


6-04 


7^15 


5-68 


2*99 


2*13 


7*44 


1-49 


17-05 


25*56 


6*91 


4^84 


6^51 


7*07 


4-23 


4-59 


93 


94 


6^1 1 


7-28 


6*74 


3-02 


2*15 


7-52 


1*50 


17^23 


25*84 


6-99 


4-89 


6^58 


7*14 


4-27 


4-64 


94 


95 


6-17 


7*31 


5^80 


3*05 


217 


7^60 


1*52 


17-41 


26*11 


7*06 


4-94 


6-65 


7*22 


4-32 


4-69 


95 


96 


6-24 


7*38 


5*87 


3-08 


2-19 


7*68 


1*54 


17-59 


26*39 


7-13 


5^00 


6-72 


7-30 


4^36 


4-74 


96 


97 


6^30 


7-46 


5^93 


3*12 


2*21 


7^76 


1*55 


17-81 


26*74 


7*21 


5^05 


6-79 


7-37 


4*41 


4-79 


97 


96 


6-37 


7-54 


5*99 


8*15 


2*24 


7*84 


1-57 


17-99 


27-01 


7*28 


5^10 


6*86 


7^46 


4-45 


4^84 


98 


99 


6-43 


7*61 


6-05 


3^18 


2-26 


7*92 


1-58 


18-17 


27^27 


7-36 


5^15 


6-93 


7^52 


4^50 


4-89 


99 


100 


6^50 


7-69 


6^11 


3-20 


2-29 


8^00 


1-60 


18^85 


27^54 


7-43 


5-20 


7-00 


7-60 


4^55 


4^94 


100 , 
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DimeHsUmt of Parts of Marine Engines. 





Depth In Inches of Side Lerer at Centre, when of Cast Iron. 




8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


m 


80 


18-84 


18*88 


14-87 


14*84 


15-27 


15*69 


16*08 


16*45 


16-81 


17-15 


17-48 


17*81 


1811 


18-41 


18-69 


20 1 


21 


13-77 


14*33 


14-84 


15-32 


15-76 


16*20 


16*60 


16*98 


17-35 


17-70 


18-05 


18*38 


18*69 


19*00 


19-29 


21 


82 


14-20 


14-77 


15-30 


15-79 


16-25 


16*70 


17*11 


17*51 


17-89 


18-25 


18-61 


18-95 


19*27 


19*59 


19*89 


22 


23 


14-63 


15*22 


15-76 


16-27 


16-74 


17*20 


17*62 


18*03 


18*48 


18-80 


19*17 


19-52 


19*85 


20*18 


20*49 


23 


24 


15-06 


15*67 


16-22 


16-74 


17-23 


17*70 


1813 


18*55 


18-97 


19-35 


19*73 


20-09 


20*43 


20*77 


21*09 


24 


25 


15*48 


16*11 


16-68 


17-22 


17-72 


18*20 


18-65 


19*09 


19-51 


19-90 


20*29 


20-66 


21-01 


21*36 


21*69 


25 


26 


15-88 


16*58 


17-12 


17-67 


18-18 


18-67 


19-14 


19*59 


20-02 


20-42 


20*82 


21-20 


21*56 


21*92 


22*25 


26 


27 


16-28 


16*94 


17-55 


18-11 


18-64 


19*14 


19*63 


20*09 


20-58 


20-94 


21*35 


21-74 


22* 11 


22*48 


22-81 


27 


28 


16*68 


17*36 


17-98 


18-55 


19-09 


19*61 


2011 


20*58 


21-08 


21-46 


21*87 


22-27 


22*65 


23*03 


23-37 


28 


29 


17-08 


17*78 


18*41 


1900 


19-54 


20*08 


20-59 


21*07 


21-53 


21-97 


22*39 


22-80 


23*19 


23*58 


23*93 


29 


80 


17-48 


18*19 


18*84 


19-44 


2001 


20*55 


21-07 


21*56 


22-03 


22*48 


22-91 


23-33 


23*73 


24*13 


24-49 


30 


81 


17-86 


18*59 


19*25 


19-87 


20*45 


21*00 


21-58 


22*04 


22-52 


22*98 


23-41 


23-84 


24*25 


24*66 


25-03 


31 


82 


18-24 


18*98 


19*66 


20-29 


20-89 


21*45 


21-98 


22-51 


23-01 


23*47 


23-91 


24-35 


24*77 


25*18 


25*56 


32 


^^ 


18-62 


19*88 


20*06 


20-71 


21-32 


21*90 


22*43 


22-97 


23*48 


23*95 


24-41 


24-86 


25*28 


25*70 


26-09 


33 


84 


1900 


19*77 


20*46 


21-13 


21*75 


22-34 


22*88 


23-43 


23*95 


24-43 


24-90 


25*36 


25*79 


26*22 


26*62 


34 


85 


19-38 


20*16 


20-88 


21-55 


22*18 


22-78 


23-38 


23-89 


24*42 


24*91 


25-39 


25*86 


26*30 


26*74 


27-15 


35 


86 


19-74 


20*54 


21*27 


21-95 


22*60 


23-21 


23*77 


24*34 


24-88 


25-38 


25*87 


26*35 


26*79 


27*24 


27-66 


36 


87 


21-10 


20-92 


21*66 


22-35 


23*01 


23-64 


24-21 


24-79 


25*34 


25*85 


26-34 


26*83 


27-28 


27*74 


28*17 


87 


88 


21*46 


21-29 


22*04 


22-75 


23-42 


24-06 


24*65 


25-24 


25*79 


26*31 


26*81 


27*31 


27*77 


28*24 


28-67 


38 


89 


21-82 


21-66 


22*42 


23-15 


23-83 


24-48 


25-08 


25*68 


26*24 


26*77 


27*28 


27*78 


28*26 


28*74 


2917 


39 


40 


2118 


2203 


22*82 


23-55 


24*24 


24-90 


25*52 


26*12 


26-69 


27*23 


27*75 


28*27 


28*75 


29*23 


29*67 


40 


41 


21-53 


22-39 


23*20 


23-94 


24*64 


25-31 


25*94 


26 55 


2713 


27-68 


28*21 


28*74 


29*22 


29*71 


80*16 


41 


42 


21-87 


22-75 


23*58 


24-33 


25*04 


25-72 


26*36 


26*98 


27*53 


28-13 


28*67 


29*20 


29*69 


30-19 


80*65 


42 


43 


22-22 


23-11 


23*96 


24-71 


25*44 


26-13 


26*78 


27*41 


27*97 


28-57 


29*12 


29*66 


80*16 


80*67 


31*18 


48 


44 


22*56 


23-47 


24*34 


25-10 


25*84 


26-53 


27*20 


27*83 


28*40 


29*01 


29*57 


30-12 


30-62 


31*14 


81*61 


44 


45 


22-91 


23*83 


24-68 


'25*48 


26-23 


26-93 


27*61 


28*25 


28*87 


29*45 


30*02 


30*58 


31-09 


31*61 


32*09 


45 


46 


23-25 


24*19 


2504 


25-85 


26-62 


27*33 


28*02 


28*67 


29*29 


29*88 


30*46 


31*08 


31-55 


82*07 


32*56 


46 


47 


23-58 


24*55 


25*40 


26-22 


27-00 


27*72 


28*42 


29*08 


29*71 


30*31 


30*90 


31*48 


32-01 


32*53 


33*03 


47 


48 


23-91 


24*90 


25*76 


26-59 


27-38 


2811 


28-82 


29*49 


80*13 


30*74 


31*34 


31-92 


32-46 


32*99 


83-50 


48 


49 


24-25 


25*24 


26*12 


26-96 


27-76 


28*50 


29-22 


29*90 


80*55 


3117 


31*78 


32-36 


32-91 


33*45 


33*97 


49 


50 


24-58 


25-57 


26*48 


27-33 


28-14 


28*89 


29-62 


30*31 


80*97 


31*59 


32-21 


32*80 


33-36 


33*91 


34*48 


50 


51 


24-90 


25*90 


26*82 


27-69 


28-51 


29-27 


30-01 


30-70 


31*37 


3200 


32-63 


33*23 


33-79 


34*35 


34*88 


51 


52 


25-22 


26*23 


27*16 


28-04 


28-87 


29-65 


30-39 


31*09 


31*77 


32-41 


33-05 


83*65 


84-22 


34-79 


35*33 


52 


53 


25-53 


26*56 


27*50 


28-39 


29-23 


80*02 


30-77 


31*48 


32*17 


32*82 


33-46 


84*07 


34*65 


35*23 


35*78 


58 


54 


25-85 


26*89 


27*84 


28-74 


29-59 


80*39 


31-15 


31*87 


32*57 


33-23 


33-87 


34*49 


85-08 


35*67 


36*23 


54 


55 


26-16 


27*22 


28*18 


29-09 


29-95 


80*76 


31-53 


32-26 


32*96 


33-63 


34-28 


34-91 


85-51 


36*10 


36-65 


65 


56 


26*48 


27*55 


28*54 


29-45 


30-82 


31*14 


31-92 


32-66 


33*37 


34-04 


34-70 


35-34 


36-95 


36*54 


37*10 


56 


57 


26-80 


27*88 


28*90 


29*81 


30-69 


81*52 


32-31 


3305 


33-77 


34*45 


35*12 


35-77 


36-38 


36*98 


37*55 


57 


58 


27*12 


28*21 


29*26 


30*17 


81-05 


31*89 


32-69 


83-44 


34*17 


34*86 


35*54 


36-20 


36-81 


37*42 


38*00 


68 


59 


27*43 


28*54 


29*61 


30*52 


81*41 


82*26 


33-07 


33-83 


34*57 


35*27 


35*96 


36-63 


37-24 


37*86 


38*44 


69 


60 


27-75 


28*87 


29-90 


30*87 


81*77 


32*63 


33-45 


34-22 


84*97 


35*68 


36-37 


37-04 


87-67 


38*30 


38*88 


60 


61 


28-06 


29*19 


30*23 


31*21 


3212 


32-99 


33-82 


34-60 


35*36 


36*08 


36-77 


37-46 


88-02 


38*72 


39*31 


61 


62 


28-37 


29*51 


30*56 


31*55 


32-47 


33-35 


3419 


34-98 


35-75 


36*47 


3717 


37-87 


38*44 


39*14 


39*74 


62 


63 


28-68 


29*83 


30*89 


31*89 


82-82 


83-71 


34-56 


35-36 


86-13 


36*86 


37-57 


38-27 


38*85 


39*56 


4013 


63 


64 


28-98 


30*15 


31*21 


32-22 


33*17 


34*07 


34-92 


35-73 


36-51 


37*25 


37*96 


38-67 


39*26 


39*98 


40*56 


64 


65 


29*28 


30*46 


31*54 


32*56 


33*51 


34-42 


35-28 


36-10 


36*89 


37*63 


38*36 


3907 


39*78 


40*40 


41*01 


65 


66 


29*58 


30*77 


31*87 


32*90 


33-86 


34-77 


35-64 


36-47 


37-27 


38*02 


38*76 


39*47 


40*14 


40*82 


41*43 


66 


67 


29-88 


31*08 


3219 


33*23 


34-20 


3512 


36-00 


36-84 


37*65 


38*41 


39*15 


39*87 


40*54 


41-23 


41*85 


67 


68 


30*18 


31*39 


32-51 


33*56 


84-54 


35*47 


36-36 


37-21 


88*03 


38*79 


39*54 


40*27 


40*95 


41*64 


42-27 


68 


69 


30*48 


31*70 


32*83 


33-89 


84-88 


35*82 


36-72 


37*58 


38-40 


39*17 


39-93 


40*67 


41*36 


42*05 


42*69 


69 


70 


30*77 


3201 


3315 


34-22 


35-22 


36*17 


37-08 


37-94 


38*77 


39*55 


40-32 


4107 


41*76 


42*46 


43*10 


70 


71 


31*06 


32*31 


33-46 


34-54 


35-55 


36*51 


37-43 


38-30 


39*12 


39*92 


40-70 


41*46 


42*15 


42*86 


43*51 


71 


72 


81*35 


82*61 


33*77 


34-86 


35-88 


36*85 


37-78 


38-66 


39 46 


40*29 


41*08 


41*85 


42*54 


43-26 


43*92 


72 


78 


31-64 


32-91 


34-08 


35*18 


36-21 


37*19 


38-13 


39-01 


39*80 


40*66 


41-46 


42*23 


42*93 


43-66 


44*32 


73 


74 


31*93 


33*21 


34*39 


35-50 


86-54 


37*53 


38-47 


39-36 


40*14 


41*03 


41-83 


42*61 


48-32 


44-05 


44*72 


74 


75 


32*21 


33*51 


34*70 


35-82 


36-87 


37*86 


38-81 


39-71 


40*48 


41*40 


42*20 


42*99 


43*71 


44-44 


45*12 


75 


76 


32*50 


33-81 


35*01 


3614 


37-20 


38*20 


39-16 


40-06 


40*86 


41*77 


42-58 


43-37 


44*10 


44*84 


45*52 


76 


77 


32*78 


34*11 


35-32 


36-46 


37-53 


38*54 


39-50 


40-41 


41*24 


42*14 


42-95 


43-75 


44*49 


45*23 


45*92 


77 


78 
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34*40 


35*62 


36*77 


37*85 


38*87 


39*84 


40-76 


41*62 


42*50 


43-32 


44-13 


44*87 


45*62 


46-32 


78 


79 


33-34 


34*69 


35*92 


37-08 


38*17 


39*20 


40*18 
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42*00 


42*86 


43-69 


44*51 


45*25 


46*01 


46*71 


79 


80 


33*62 


34*98 


36-22 


37-39 


38*49 


39*53 


40*52 


41-46 


42-37 


43-22 


44-06 


44-88 


45*64 


46-40 


4710 


80 


81 


33-90 


35*27 


36-52 


37*70 


38*81 


39-86 


40-86 


41*81 


42-72 


43*58 


44-43 


45-25 


46*02 


46*79 


47-49 


81 


82 


34-18 


35*56 


36-82 


38*01 


39*13 


40*19 


41-20 


42*15 


43-07 


43*94 


44-79 


45-62 


46*40 


4717 


47*88 


82 


83 


84-46 


35*85 


3712 


38-32 


39*45 


40*52 


41-53 


42*49 


43-42 


44*29 


45-15 


45*99 


46*78 


47*55 


48*27 


83 


84 


34-74 


36*14 


37*42 


38*63 


39*76 


40*85 


41-86 


42*83 


43*77 


44-65 


45-51 


46*36 


47*15 


47*93 


48*66 


84 


85 
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36*42 


37*72 
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40*07 


41*16 


42-19 


43*17 


44*11 


45-01 
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46*72 


47*52 


48*31 


49*04 


85 


86 


85*29 


37-71 


38*02 


39*24 


40*38 


41*48 


42-52 


43*51 


44*46 


45-36 


46-23 


47*09 


47-89 


48*69 


49*43 


86 


87 


35*56 


3800 


38-31 


39-54 


40*69 


41*80 


42-85 


43*85 


41*81 


45-71 
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47-46 


48*26 


49*07 


49*81 


87 
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35*83 


38-28 


38-60 


39*84 


41*00 


4212 


43-18 


44*18 


4215 


46-06 


46-95 


47*82 


48*63 


49*45 


50*19 


88 


89 


36*10 


38-56 


38-89 


41*14 


41*32 


42*44 


43-51 


44*51 


42-49 


46-41 


47-31 


48-18 


49-00 


49-82 


50*57 


89 


90 


36-37 


37-84 


39-18 


40-45 


41*63 


42*76 


43-83 


44*84 


45-83 


46-75 


47-66 


48*54 


49-36 


50*19 


50*95 


90 


91 


36*64 


38-12 


39-47 


40-75 


41*94 


43*08 


44-16 


45*17 


46-17 


47-10 


48*01 


48*90 


49-73 


50*56 


51*33 


91 


92 


36-91 


38*40 


39-76 


41-05 


42*25 


43*39 


44-48 


45*50 


46-51 


47-45 


48-36 


49*26 


50-09 


50*93 


51*71 


92 


98 


3718 


38-68 


40-05 


41-35 


42*56 


43*70 


44-80 


45*83 


46*85 


47-79 


48*71 


49*62 


50-45 


61*30 


52*08 


93 


94 


37-45 


38*95 


40*34 


41*64 


42-86 


44*01 


45-12 


46*16 


47-18 


48-13 


49*06 


49*97 


50*81 


51*67 


52*46 


94 


95 


37-71 


39*22 


40*62 


41-93 


4316 


44*32 


45-44 


46*49 


47-51 


48-47 


49*40 


50*32 


51*17 


52*03 


52*82 


95 


96 


37*98 


39*50 


40-91 


42*28 


43*46 


44*63 


45-76 


46*82 


47-84 


48-81 


49*75 


50-67 


51*53 


52*40 


53*19 


96 


97 


38*24 


89-78 


41*19 


42*52 


43*76 


44-94 


46-08 


47-15 


48-17 


49-15 


60*10 


51-02 


51*89 


52*76 


53*56 


97 


98 


38*50 


40*05 


41*47 


42-81 


44*06 


45*25 


46-40 


47-47 


48-50 


49-49 


50*44 


51*37 


52*25 


53*12 


53*98 


98 


99 


38*76 


40-32 


41*75 


4310 


44*36 


45*56 


46-71 


47-79 


48-83 


49-82 


50*78 


51*72 


52-60 


53-48 


54-30 


99 


100 


89*02 


40-59 


42*03 


43-39 


44*66 


45*87 


47*02 


48-11 


4916 


50-15 


51*12 


52*07 


52-95 


53-84 


54*66 
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Dimentions of Air Pump CroMhead, In lochee. 


Dimmaiont of the Parts of Air Pump Piston Bod, In Inches. 






1 

IJ 

Q 
23 


Diameter of Air 
Pump. 


Tbicknett of Eye 
for Air Pump Hod. 


Depth of Eye for Air 
Pump Bod. 


Diameter of End 
JoumaU. 


Length of End 
JoumaU. 


1 

ThlckneM of Web at 
Middle. 


Depth of Web at 
Middle. 


1 


•^ 


Depth of Web U 
Journal. 


Diameter of Piiton 
Bod when Copper. 


Depth of Gibe and 

Cutur through 

Crosabead. 


III 


Depth of Cotter 
through Piston. 


Thickness of Cutter 
through Piiton. 


Diameter of Air 
Pump. 


Diameter of Cylinder, 
In Inches. 


13*8 


-56 


3*97 


1-19 


1*33 


•99 


3*69 


•84 


1^41 


1*53 


1*48 


•30 


118 


•47 


13*8 


23 


24 


14*4 


•59 


4*14 


1-24 


1*39 


1*04 


3*85 


•88 


1-47 


1*60 


1*54 


•31 


1-23 


•49 


14*4 


24 


25 


15*0 


•61 


4*31 


1-29 


1*45 


1-08 


4*01 


•92 


1-53 


1*67 


1*60 


•32 


1-28 


•51 


15-0 


25 


26 


15*6 


•64 


4*48 


1-34 


1*51 


1-13 


4*17 


•95 


1-59 


1*73 


1*66 


•33 


1-33 


•54 


15-6 


26 


27 


16*2 


-66 


4*66 


1*39 


1*56 


117 


4*33 


•99 


1-65 


1*80 


1*72 


•34 


1-38 


•56 


16-2 


27 


28 


16*8 


•69 


4*83 


1*45 


1*62 


1-22 


4*49 


1^02 


1-71 


1-87 


1*78 


•35 


1-43 


•58 


16-8 


28 


29 


17*4 


•71 


5*00 


1*50 


1*68 


1-26 


4-65 


1^06 


1-77 


1*94 


1*84 


•37 


1-48 


•60 


17-4 


29 


30 


18*0 


•74 


5*17 


1*55 


1*74 


1-30 


4*81 


1*10 


1*83 


200 


1*90 


•38 


1-53 


•62 


18-0 


30 


31 


18*6 


•76 


5*34 


1*60 


1*80 


1-34 


4*97 


1*14 


1*89 


2*07 


1*97 


•40 


1-59 


•65 


18-6 


31 


32 


19*2 


•79 


5-51 


1*65 


1*85 


1-38 


513 


1*17 


1*95 


214 


2*03 


•41 


1*64 


•67 


19*2 


32 


33 


19*8 


-81 


5*69 


1*70 


1*91 


1-43 


5*29 


1-21 


2*01 


2-21 


2*09 


•42 


1*69 


•69 


19*8 


33 


34 


20*4 


•84 


5-86 


1*75 


1*97 


1-47 


5*45 


1-25 


2*07 


2-27 


2*15 


•43 


1*74 


*71 


20-4 


34 


35 


21*0 


•86 


6*03 


1*80 


2*03 


1*51 


5*61 


1*28 


2*13 


2-33 


2*21 


•44 


1*79 


•73 


21-0 


35 


36 


21*6 


•89 


6*26 


1-85 


2*08 


1*55 


5*78 


1*32 


2*19 


2-40 


2-27 


•45 


1*84 


75 


21-6 


36 


37 


22-2 


•91 


6-37 


1-90 


2*14 


1*59 


5*94 


1-35 


2*25 


2-47 


2-33 


-46 


1*89 


77 


22-2 


37 


38 


22*8 


•94 


6*54 


1-95 


2*20 


1*63 


610 


1-39 


2-32 


2-54 


2*40 


•47 


1*95 


•79 


22*8 


38 


39 


23*4 


•96 


6*71 


2-00 


2*26 


1*67 


6*26 


1-42 


2-38 


2-60 


2*46 


-49 


1*99 


•81 


23*4 


39 


40 


24*0 


•99 


6*88 


2-06 


2*32 


1*72 


6*43 


1*46 


2-44 


2-67 


2*52 


-50 


2*04 


-84 


24-0 


40 


41 


24*6 


1^01 


7*05 


211 


2*38 


1*76 


6*59 


1*50 


2*50 


2*74 


2*59 


-52 


2*09 


-86 


24*6 


41 


42 


25-2 


1*04 


7*22 


2-16 


2*44 


1*81 


6*75 


1*53 


2*56 


2*81 


2-65 


•53 


2*14 


-88 


25-2 


42 


43 


25*8 


1*06 


7*40 


2-21 


2*49 


1*85 


6*91 


1*57 


2*62 


2-87 


2-71 


-55 


2*19 


-90 


25*8 


43 


44 


26*4 


1*09 


7-57 


2*26 


2*55 


1-89 


7*07 


1*61 


2*68 


2-93 


2*77 


•56 


2*24 


•92 


26-4 


44 


45 


27*0 


Ml 


7*74 


2-31 


2*61 


1-94 


7*23 


1*64 


2-74 


3*00 


2*84 


•57 


2*29 


•94 


27-0 


45 


46 


27*6 


1*14 


7*91 


2-36 


2*66 


1*98 


7*39 


1*68 


2*80 


3*07 


2*90 


-58 


2*35 


•96 


27-6 


46 


47 


28*2 


M6 


8*08 


2-41 


2*72 


2*03 


7*55 


1*71 


2*86 


313 


2*96 


•59 


2*40 


-98 


28*2 


47 


48 


28*8 


1*19 


8*25 


2-46 


2*78 


2-07 


7*71 


1*75 


2*92 


3*20 


3*02 


•60 


2-45 


1-00 


28-8 


48 


49 


29*4 


1-21 


8-42 


2-51 


2-83 


2*11 


7*87 


1*79 


2*98 


3-27 


3*08 


•62 


2*50 


1*03 


29*4 


49 


50 


30*0 


1-24 


8*60 


2-57 


2*89 


215 


8*04 


1*83 


3*04 


3-33 


3*15 


•64 


2*55 


1*05 


30*0 


50 


51 


30*6 


1-26 


8*77 


2-62 


2*95 


2*20 


8*20 


1*86 


3*10 


3*40 


3*21 


-65 


2*61 


1*07 


30*6 


51 


52 


31*2 


1-29 


8*95 


2-67 


3*01 


2*24 


8-36 


1-90 


3*16 


3-47 


3*28 


-66 


2*66 


1*09 


31*2 


52 


53 


31*8 


1-31 


9*12 


2-72 


3*07 


2*29 


8*52 


1-94 


3*22 


3*53 


3*34 


-68 


2*71 


111 


31*8 


53 


54 


32*4 


1-34 


9*29 


2-77 


312 


2*33 


8*68 


1-98 


3*28 


3*60 


3*41 


-69 


2*76 


1*13 


32*4 


54 


55 


33*0 


1-36 


7*46 


2-83 


318 


2*38 


8*84 


2-01 


3*34 


3*67 


3*47 


-71 


2*81 


115 


33*0 


55 


56 


33*6 


1-39 


7*63 


2-88 


3*23 


2*42 


9-00 


2-05 


3*40 


3*74 


3*54 


-72 


2*86 


1*17 


33-6 


56 


57 


34-2 


1-41 


7*80 


2-98 


3*29 


2*46 


9*16 


2-08 


3*46 


3*81 


3*60 


•73 


2*91 


119 


34*2 


57 


58 


34-8 


1-44 


7*97 


2-98 


3*35 


2*51 


9*32 


2-12 


3*52 


3*88 


3*66 


•74 


2*96 


1*21 


34-8 


58 


59 


35-4 


1.46 


815 


3*03 


3-41 


2*55 


9*49 


2-16 


3*58 


3-95 


3*72 


•75 


3*02 


1*23 


35*4 


59 


60 


36-0 


1*49 


10*33 


309 


3*47 


2*59 


9*65 


2*20 


3*65 


4*01 


3*78 


•76 


3*07 


1*26 


360 


60 


61 


36-6 


rsi 


10*50 


314 


3-53 


2*63 


9*81 


2*23 


3*71 


4*08 


3*85 


•77 


3*12 


1*28 


36*6 


61 


62 


37-2 


1^54 


10*67 


319 


3*58 


2*68 


9*97 


2*27 


3*77 


4*14 


3*91 


•78 


3*17 


1*30 


37*2 


62 


63 


37-8 


1*56 


10*84 


3-24 


3*64 


2*72 


1013 


2*31 


3*83 


4*21 


3-98 


•80 


3*22 


1*32 


37*8 


63 


64 


38-4 


1*58 


1101 


3-29 


3*70 


2*76 


10*29 


2*35 


3-89 


4*27 


4*04 


•81 


3*27 


1*34 


38*4 


64 


65 


39-0 


1*61 


11*18 


3-34 


3*76 


2*80 


10-45 


2*38 


3-95 


4*33 


4*10 


•82 


3'32 


1-36 


39*0 


65 


66 


39*6 


1*63 


11*35 


3-39 


3*82 


2*84 


10*61 


2*42 


4*01 


4*40 
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•83 


3*37 


1*38 


39*6 


66 


67 


40-2 


1*65 


11*53 


3*44 


3*88 


2*88 


10*77 


2*46 


4*07 


4*46 


4-23 


•84 


3*42 


1*40 


40*2 


67 


68 


40*8 


1*68 


11*70 


3-49 


3*94 


2*92 


10*93 


2*49 


4*13 


4*53 


4-29 


•85 


3 48 


1*42 


40-8 


68 


69 


41*4 


1*70 


11*87 


3*54 


4*00 


2-97 


11-09 


2*53 


4-19 


4*60 


4*35 


•87 


3 53 


1-44 


41*4 


69 


70 


42*0 


1*73 


1205 


3-60 


4*05 


3*01 


11-26 


2*56 


4*26 


4*67 


4-41 


•88 


3*58 


1*46 


42*0 


70 


71 


42-6 


1*75 


12*22 


3-65 


411 


3*06 


11-42 


2*60 


4-32 


4*73 


4*48 


•90 


3*63 


1*49 


42*6 


71 


72 


43*2 


1*78 


12*38 


3*70 


417 


3*10 


11*58 


2*63 


4*38 


4*80 


4*54 


•91 


3*68 


1*51 


43*2 


72 


73 


43*8 


1*80 


12*55 


3-75 


4*23 


315 


11-74 


2*67 


4*44 


4*86 


4-60 


•93 


3*73 


1*53 


43*8 


73 


74 


44-4 


1*83 


12*72 


3-80 


4*28 


319 


11*90 


2-71 


4*51 


4*93 


4*66 
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3-78 


1*55 


44-4 


74 


75 


45-0 


1*85 


12*89 


3-85 


4*34 


3*24 


12*06 


2-74 


4-57 


5*00 


4*73 
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3*83 


1*57 


45-0 


75 


76 


45-6 


1*87 


1306 


3*90 


4*40 


3*28 


12*22 


2-78 


4*63 


5*07 


4*79 
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3-88 


1*60 


45*6 


76 


77 


46-2 


1*90 


13*23 


3*95 


4*46 


3*33 


12*38 


2-82 


4*69 


5*13 


4*85 


-98 


3*93 


1*62 


46*2 


77 


78 


46-8 


1*92 


13*40 
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4*51 


3*37 


12*54 


2-86 


4*75 


5*20 


4*92 


1*00 


3*98 


1-64 


46*8 


78 


79 


47-4 


1*95 


13*57 


4*06 


4*57 


3*42 


12*70 


2-89 


4*81 


5*27 


4*98 


1*02 


4*03 


1*66 


47*4 


79 


80 


48-0 


1*97 


13*72 


4*12 


4*63 


3*46 


12*86 


2-93 


4*87 


5*33 


5-04 


1*04 


4*08 


1-68 


48*0 


80 


81 


48*6 


2*00 


13*89 


4*17 


4*69 


3*51 


13*03 


2*97 


4*93 


5*40 


511 


105 


413 


1-70 


48*6 


81 


82 


49-2 


2*02 


14*06 


4*22 


4*75 


3*55 


1319 


3-00 


4*99 


5*47 


5*17 


1*06 


4*19 


1-72 


49*2 


82 


88 


49-8 


2*05 


14*23 


4*28 


4*81 


3*60 


13*36 


3^04 


5*05 


5*53 


5*23 


1*07 


4*24 


1-74 


49*8 


83 


84 


50-4 


207 


14*40 


4*33 


4*86 


3*64 


13*52 


3*07 


5-11 


5*60 


5*30 


1*08 


4*29 


1-76 


50*4 


84 


85 


51-0 


2*10 


14*57 


4*38 


4*92 


3*69 


13*68 


3*11 


5-17 


5*67 


5*36 


1*09 


4*34 


1-78 


51*0 


85 


86 


51-6 


2*13 


14*74 


4*43 


4*98 


3*73 


13*85 


3*14 


5-23 


5*73 


5*42 


1*10 


4*39 


1-80 


51*6 


86 


87 


52-2 


2*15 


14*91 


4*48 


5-04 


3*78 


14*01 


3*17 


5*29 


5.80 


5*49 


1*11 


4*45 


1*82 


52*2 


87 


88 


52-8 


2*18 


15*08 


4*53 


5*10 


3*82 


14*17 


3*21 


5*35 


5*87 


5*55 


1*12 


4*50 


1*84 


52*8 


88 


89 


53-4 


2*20 


15*25 


4*58 


5*16 


3*86 


14*33 


3*25 


5*41 


5-93 


5*61 


1*13 


4*55 


1*86 


53*4 


89 


90 


54-0 


2*23 


15*43 


4*63 


5*21 


3*89 


14*49 


3*29 


5*48 


6*00 


5*67 


1*14 


4*60 


1*89 


54*0 


90 


91 


54*6 


2*25 


15*61 


4*68 


5*27 


3*93 


14-65 


3*33 


5*54 


6*07 


5-74 


1*16 


4*65 


1*91 


54*6 


91 


92 


55-2 


2*28 


15*78 


4*74 


5*33 


3*98 


14*81 


3-37 


5*60 


6*14 


5*80 


1*17 


4*70 


1*93 


55*2 


92 


98 


55-8 


2*30 


15*95 


4-79 


5*39 


4*02 


14*97 


3-40 


5*66 


6*21 


5*87 


1*18 


4*75 


1*95 


55*8 


93 


94 


56-4 


2*33 


1613 


4-84 


5*44 


4*06 


15 13 


3-44 


5*72 


6*27 


5*93 


1*19 


4*80 


1*97 


56*4 


94 


95 


57-0 


2*35 


16*30 


4*89 


5*50 


4*11 


15*29 


3-48 


5*78 


6*34 


5*99 


1*21 


4*85 


1*99 


57*0 


95 


96 


57*6 


2*38 


16*47 


4*94 


5*55 


4*15 


15*45 


3-52 


5*84 


6*41 


6*06 


1*22 


4*90 


2*02 


57*6 


96 


97 


58-2 


2-40 


16*C4 


5*00 


5-61 


4*20 


15-61 


3-56 


5-90 


6*47 


6^12 


1-23 


4*96 


2*04 


58*2 


97 


98 


58*8 


2^42 


16*82 


5*05 


5-67 


4*24 


15*77 


3-59 


5*96 


6*54 


6^18 


1*24 


5-01 


2-06 


58*8 


98 


99 


59-4 


2-46 


16-99 


5-10 


5-73 


4*29 


15*93 


3-63 


6*02 


6-60 


6-24 


1-26 


5*06 


2*08 


59-4 


99 


100 


WO 


2^47 


17-15 


5-15 


5-79 


4*33 


16-07 


3-66 


6*09 


6-66 


6-30 


1-27 


5^11 


a-10 


60-0 
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Dintetuions of Parts of Marine Engines, 



Dlaattar of Cylinder, 
In Inches. 


DImcnsloQi ofMreral Fvti of Air Pomp Machlnerj, in Inehet. 






Dimensiont of Parte of Valre Gearing and Parallel Motion. 




Diameter of Air 

Pomp Side Rods at 

End. 


i 

n 

1 

Pa 


n 


Mean Thickness of 
Strap at Cutter. 


Mean Thickness of 
Strap below Cutter. 


Depth of Gibs and 
CuUer. 


Thickness of Gibs and 
Cutter. 


1 

a 


Diameter of Vulre 

Shaft at Journal, In 

Inches. 


Diameter of Parallel 

MoUon Shaft at 
Journal, In Inches. 


Diameter of-Valre 
Rod, In InchM. 


Di.-imeter of Radius 

Rod at smallest Part, 

In Inches. 


Area of Eccentric 

Rod at smallest Part, 

In Square Inches. 


Sectional Area of 

Eccentric Hoop, In 

Square Inches. 


Diameter of Eccentric 
Pin, In Inches. 


Breadth and Thick- 
ness of Valre Lever 
for Eccentric Pin at 
Eye, In Inches. 


Breadth and Thick- 
ness of Pamllel Motion 
Crank at Eye, In 
Inches. 


23 


•89 


1.06 


•84 


•45 


•33 


1*10 


•23 


20 


802 


1*06 


•98 


1*18 


2*64 


1*10 


1.76 


8^9x2*0 


1*6 X *6 


24 


•93 


1-10 


•87 


•46 


•34 


1*15 


•24 


25 


308 


115 


1-00 


1*20 


2*81 


1*10 


179 


4-0 X 2*1 


17 X -6 


25 


•97 


1-14 


•91 


•48 


•35 


M9 


•25 


30 


3*14 


1*24 


1*03 


1*23 


2*98 


1-20 


1*82 


4*1 X 2*1 


17 X -6 


26 


1*01 


1-19 


•94 


•50 


•37 


1*24 


*26 


85 


3*20 


1*33 


1*06 


1*25 


3*15 


1*50 


1*85 


4^1 X 2*2 


17 X *6 


27 


1*05 


1-23 


•98 


•52 


•38 


1*29 


•27 


40 


3*26 


1*39 


1*09 


1*27 


3*32 


1*80 


1*88 


4*2 X 2-3 


1*8 X 7 


28 


1-09 


1-28 


1-02 


•54 


•40 


1*34 


'28 


45 


3*32 


1*48 


1*12 


1*30 


3*49 


2*10 


1*91 


4*2 X 2*3 


1*8 X '7 


29 


M2 


1-33 


1-06 


•56 


•41 


1-39 


*29 


50 


3*38 


1*57 


1*16 


1*32 


3*66 


2*40 


1*94 


4'3 X 2*4 


\'8» 7 


80 


1-16 


1-39 


1*10 


•58 


•42 


1-44 


•30 


55 


3*44 


1*66 


1*20 


1*35 


3*83 


2*70 


1*97 


4-4 X 2-4 


1*9 X 7 


31 


1*20 


1-44 


1*13 


•60 


•44 


1*49 


•31 


60 


3*50 


1*75 


1*25 


1*38 


4*00 


3*00 


2*00 


4*5 X 2*5 


1*9 X -8 


32 


1*24 


1-48 


1-17 


•62 


•45 


1*53 


•32 


65 


3*56 


1*84 


1*30 


1*40 


4*17 


3*25 


2*01 


4*5 X 2*5 


1*9 X *8 


33 


1.28 


1-53 


1*21 


•64 


•46 


1*58 


•33 


70 


3*62 


1*93 


1*35 


1-43 


4*34 


3*50 


2*02 


4^6 X 2*5 


2*0 X -8 


34 


1.32 


1-57 


1-24 


•66 


•48 


1*63 


*34 


75 


3*68 


2*02 


1*40 


1*45 


4*51 


3*75 


2*03 


4*6 X 2*6 


2*0 X ^8 


35 


1*36 


1-62 


1-28 


•67 


•49 


1-67 


•35 


80 


3*74 


2*11 


1*45 


1*47 


4*68 


4*00 


204 


47 X 2*6 


2*0 X .8 


36 


1-40 


1-66 


1-31 


•69 


•51 


172 


•36 


85 


3*80 


2*20 


1-50 


1*50 


4*85 


4*25 


2*05 


47 X 2-6 


2*1 X *85 


37 


1-44 


1-71 


1-35 


•71 


•52 


1-77 


•37 


90 


3*87 


2-30 


1*55 


1*52 


5-02 


4*50 


206 


4-8 X 2-6 


2*2 X -9 


38 


1-48 


1-75 


1-38 


•73 


•53 


1-82 


•38 


95 


3*93 


2*39 


1*60 


1*55 


5*19 


475 


2*07 


4-8 X 2-6 


2*3 X ^95 


89 


1.51 


1-80 


1-42 


•75 


•55 


1-87 


•39 


100 


3*99 


2-48 


1*66 


1-57 


5*36 


5*00 


2*08 


4*9 X 2*6 


2*4x1-00 


40 


1.55 


1-85 


1*46 


•77 


•56 


1*92 


*40 


105 


4*05 


2*58 


1*71 


1*60 


5*53 


5*25 


2*09 


4^9 X 27 


2*6x1*05 


41 


1.59 


1-89 


1*50 


•79 


•57 


1*96 


•41 


110 


4*12 


2*67 


1*76 


1-62 


570 


5*50 


2*10 


5*0 X 2*7 


27 X 1*1 


42 


1.63 


1-94 


1-53 


•81 


•59 


2*01 


•42 


115 


4*18 


2-77 


1*81 


1-65 


5*87 


575 


2*11 


5^1 X 27 


2*8 X 1*15 


43 


1.66 


1-98 


1-57 


•83 


•60 


2*06 


*43 


120 


4*25 


2*87 


1*87 


1-69 


6*04 


6*00 


2*13 


5*2 X 2*7 


2*9 X 1*2 


44 


1.70 


2-03 


1-61 


•85 


•62 


2*11 


•44 


125 


4*31 


2*96 


1*92 


171 


6*21 


6*25 


2*14 


5*2 X 2*8 


3*0 X 1*25 


45 


174 


2-07 


1*64 


•86 


•63 


2*16 


•45 


130 


4*37 


306 


1*97 


1*74 


6*38 


6*50 


2*15 


5-8 X 2-8 


3*2 X 1*3 


46 


1.77 


2-12 


1-68 


•88 


•65 


2*20 


•46 


135 


4*33 


3*15 


202 


176 


6*55 


675 


216 


5-3 X 2 9 


3*3x1*36 


47 


1.81 


2-16 


1*71 


•90 


•66 


2-25 


•47 


140 


4-39 


3*25 


2*07 


179 


672 


7*00 


2*17 


5*3 X 2*9 


8*4 X 1*41 


48 


1.85 


2-21 


1-75 


•92 


•67 


2-30 


•48 


145 


4*45 


3*34 


2-12 


1-81 


6*89 


7*25 


2*18 


5-4 * 2"9 


3*5 X 1*46 


49 


1-89 


2-26 


1*79 


•94 


•69 


2*35 


•49 


150 


4*52 


3*44 


2*18 


1-84 


7*06 


7*50 


2*19 


5^4 X 2^9 


8*6 X 1*51 


50 


1.93 


2-31 


1-83 


•96 


•70 


2*40 


•50 


155 


4*58 


3-53 


2-23 


1*87 


7*28 


7*65 


2*20 


5*4 X 2^9 


37 X r.'j6 


51 


1.97 


2-37 


1-87 


•98 


•72 


2*43 


•51 


160 


4-65 


3*63 


2*28 


1*89 


7*55 


8*00 


2*21 


5*6x3 


3*8 X 1*61 


52 


2.01 


2-42 


1*91 


1-00 


•73 


2*46 


•52 


165 


4*72 


3-72 


2*33 


1*92 


7*82 


8-25 


2*22 


5*6X3 


3*9 X 1*66 


! 53 


2.05 


2-46 


1*94 


1*02 


•75 


2-48 


•53 


170 


4*78 


3*82 


239 


1-94 


8*09 


8*50 


2*23 


5*6x3 


4*0x171 


\ 54 


2.09 


2-51 


1-98 


1-04 


•76 


2*51 


•54 


175 


4*85 


3*91 


2*44 


1^97 


8*37 


875 


2*24 


57x3 


4-2x176 


55 


2.13 


2-56 


2-01 


1*06 


•78 


2*53 


•55 


180 


5*00 


4*00 


2*50 


200 


8*54 


900 


2*25 


5.7x3 


4*4x1*81 


56 


2.17 


2-60 


2-04 


1-08 


•79 


2-56 


•56 


185 


5-05 


4*03 


2*53 


2*03 


8*81 


9*25 


2*32 


5*8x3 


4*5 X 1*85 


57 


2.21 


2-65 


2-08 


1-10 


•81 


2*59 


*57 


190 


5*10 


4*07 


2*56 


207 


9*09 


9*50 


2*39 


5*9x3 


4*6 X 1*89 


58 


2*25 


2-69 


2*11 


1-12 


•82 


2*62 


*58 


195 


5*16 


4*10 


2*60 


2*10 


9*36 


975 


2*46 


6*0 X 8*1 


47 X 1*93 


59 


2.28 


2-73 


2-15 


1-14 


•84 


2-65 


•59 


200 


5*21 


4*14 


2*63 


2*14 


9*63 


10*00 


2*53 


6*1 X3.1 


4-8x1*97 


60 


2.32 


2-77 


2-20 


1*16 


•85 


2*68 


•59 


205 


5*27 


4*18 


2.67 


217 


9-90 


10*25 


2*60 


6*2 X 3.1 


4*9x2*01 


61 


2.36 


2-82 


2-24 


1*18 


•87 


2*74 


•60 


210 


5*32 


4*21 


2*71 


2*21 


10*18 


10*50 


2*67 


6*4 X 3*2 


5*2 X 210 


62 


2.40 


2-86 


2-27 


1-20 


•88 


2*81 


•61 


215 


5*38 


4*25 


2*75 


2-25 


10*56 


1075 


275 


6*7 X 3.2 


5*4 X 2*2 


63 


2.44 


2*91 


2*31 


1*22 


•89 


2-88 


•62 


220 


5-43 


4-28 


2*83 


2-28 


10-59 


11*00 


2*83 


7*0 X 3*2 


5*5 X 2*2 


64 


2.48 


2-95 


2-35 


1*24 


•91 


2-94 


•63 


225 


5*47 


4-31 


2*91 


2-31 


10*02 


11*25 


2*91 


7*3 X 3*3 


5*6 X 2*3 


65 


2.52 


3-00 


2*38 


1*26 


•92 


3*01 


•64 


230 


5-50 


4-34 


3*00 


2*34 


10*70 


11*50 


3*00 


7*6 X 8*3 


5*7 X 2*3 ■• 


66 


2*56 


8-04 


2-42 


1*28 


•94 


307 


•65 


235 


5*54 


4*37 


3-06 


2-37 


10-97 


11*75 


308 


7*8 X 3.3 


5*8 X 2*4 


67 


2*60 


3-09 


2-45 


1*30 


•95 


314 


•66 


240 


5*58 


4*40 


3*12 


2*40 


11*24 


12*00 


3*16 


80 X 3.3 


5*9 X 2*4 


68 


2*64 


3-13 


2-49 


1-32 


•97 


3*21 


•67 


245 


5*62 


4-43 


3*18 


2*43 


11*51 


12*25 


3*24 


8*2 X 3.3 


61 x2*5 


69 


2-67 


8-18 


2-52 


1-34 


•98 


3*28 


•68 


250 


5*66 


4-46 


3-24 


2-46 


1171 


12*50 


3-32 


8*4 X 3*4 


6-2x2*5 


70 


2-71 


3-23 


2-56 


1*35 


•99 


3-36 


*69 


255 


5*70 


4*49 


3-30 


2*49 


11*91 


1275 


S40 


8*6 X 3*4 


6*3 X 2*6 


71 


2-75 


3-27 


2*60 


1-37 


1-00 


3-41 


•70 


260 


5*74 


4'52 


3-36 


2-52 


12*11 


13*00 


3*48 


8*8 X 3-4 


6*4 X 2*6 


72 


2-79 


3-32 


2*63 


1-39 


1^02 


3*46 


•71 


265 


5*77 


4^55 


3*42 


2*55 


12*32 


13*25 


3*56 


90 X 3*4 


6*6 X 27 


73 


2-83 


3-37 


2-67 


1-41 


1^03 


3*50 


•72 


270 


5*80 


4*58 


8-47 


2*58 


12*53 


13*50 


3*64 


9*2 X 3.4 


6*7 X 2*7 


74 


2-87 


3-41 


2*70 


1-43 


1*05 


8*55 


•73 


275 


5*84 


4-61 


3*53 


2-61 


12*74 


1375 


3*72 


9*4 X 3.5 


6*9 X 2*8 


75 


2-91 


8-46 


2-74 


1*45 


1^06 


3-60 


•74 


280 


5*88 


4 64 


3-58 


2*64 


12*95 


14*00 


3*80 


9*6 X 3*5 


7* x2*8 


76 


2-97 


3-50 


2-77 


1*47 


1-08 


3-65 


•75 


285 


5-92 


4*67 


3*63 


2*67 


13*16 


14*25 


3*88 


9*8 X 3*5 


7*1 x2*9 


77 


3-01 


3-55 


2-81 


1*49 


1-09 


8*69 


•76 


290 


5-96 


470 


3*68 


270 


13*37 


14*50 


3*96 


100 X 3*5 


7*2 X 2*9 


78 


3-04 


8*60 


2-84 


1*51 


Ml 


8*74 


•77 


295 


5-99 


473 


3*73 


2-73 


13*58 


14*75 


4*04 


10*2x3.6 


7*3 X 3*0 


79 


8-07 


3-65 


2-88 


1*53 


1*12 


3*79 


•78 


300 


6*03 


476 


377 


276 


1379 


15*00 


4*12 


10*4 X 3*6 


7*5 X 3*0 


80 


3*10 


3-70 


2-93 


1*54 


1*13 


3*84 


*79 


305 


607 


479 


3*81 


279 


13*99 


15*25 


4*20 


10*6 X 3*6 


7*6 X 3*1 


81 


3-14 


3-75 


2-97 


1*56 


1*15 


8*89 


•80 


310 


6*11 


4*82 


3*85 


2*82 


14*19 


15*50 


4*28 


10*8x3*6 


77x31 


82 


3*18 


3-79 


3*00 


1*58 


1*16 


3*94 


•81 


315 


6*15 


4*85 


3-89 


2-85 


14*40 


15*75 


4*36 


11*0x3*6 


7*8 X 3-2 


83 


3-22 


3*84 


3-04 


1*60 


1*18 


3*99 


•82 


320 


6^19 


4*88 


3-94 


2-88 


14*61 


16-00 


4*44 


11*2x3*6 


7*9x3*2 


84 


3-25 


3-88 


3*07 


1*62 


1*19 


4*04 


•83 


325 


6-22 


4*91 


3-99 


2*91 


14*82 


16*25 


4*52 


11*4x87 


8*0 X 3*3 


R5 


8-29 


3-93 


3-1 1 


1*64 


1*21 


4*08 


•84 


330 


6*25 


4*94 


4*04 


2*94 


15*03 


16*50 


4*60 


11*6x37 


8*2 X 3-3 


86 


3-32 


3-97 


3*14 


1*66 


1*22 


413 


•85 


335 


6*28 


4-97 


4-08 


2-97 


15*24 


1675 


4*68 


11*8x37 


8*3 y 3-4 


87 


3-36 


4-02 


3-18 


1*68 


1*23 


4-18 


•86 


340 


6-31 


500 


4*12 


3*00 


15*45 


17*00 


476 


12*0x3*7 


8*4 X 3*4 


88 


3-40 


4-07 


8-21 


1*70 


1*25 


4*22 


•87 


345 


6-34 


5*03 


4*16 


303 


15*66 


17*25 


4*84 


12*2x37 


8*5 X 3*5 


89 


3*44 


4-11 


3*25 


1-72 


1*26 


4-27 


•88 


350 


6-37 


506 


4*20 


306 


15*87 


17*50 


4*92 


12*4 X 3*7 


8*6 X 3-5 


90 


3-48 


4-16 


3-29 


174 


1*27 


4-32 


•89 


355 


6-40 


5*09 


4*24 


309 


16*08 


1775 


5*00 


12*6 y 3*8 


8*8 X 3*6 


91 


3-52 


4-20 


3-32 


1*76 


1*29 


4*36 


•90 


SCO 


6*43 


5-12 


4*28 


312 


16*29 


18*00 


5*08 


12*8x3*8 


8*9 X 3*6 


92 


3-56 


4*25 


3-36 


1*78 


1*30 


4*41 


•91 


365 


6*47 


5*15 


4.32 


315 


16*50 


18*25 


5*16 


]8*0x8*8 


9*0 X 37 


93 


3-60 


4-29 


3-40 


1^80 


1*32 


4*46 


•92 


370 


6*50 


518 


4-36 


3*18 


1671 


18*50 


5*24 


13*2 X 3*9 


9 1 X 37 


94 


3-64 


4-34 


3-43 


1*82 


1*33 


4*51 


•93 


375 


6*53 


5*21 


4*40 


3*91 


16^92 


1875 


5*32 


13*4x3*9 


9*3 X 3*8 


95 


3*68 


4*38 


3*47 


1-84 


1-34 


4*56 


•94 


380 


6*56 


5*24 


4-44 


3*24 


17*13 


19*00 


5*40 


13*6x3*9 


9*5 X 3*8 


96 


3-72 


4*43 


8*50 


1*86 


1-35 


4-61 


•95 


385 


6*59 


5*27 


4-48 


3*27 


17*34 


19*25 


5*48 


13*8 X 4*0 


9*6 X 3*9 


97 


3-75 


4-47 


3*53 


1*88 


1*37 


4*66 


•96 


390 


6*62 


5*30 


4*52 


3'30 


17*55 


19*50 


5*56 


14*0 X 4*0 


9*7 X 3*9 


98 


8-79 


4-51 


3-57 


1-90 


1*39 


4*70 


•97 


895 


6*65 


5-33 


4*56 


3*33 


17*76 


1975 


5*64 


14*2x4*0 


9.8 X 4* 


99 


8-83 


4*57 


3-61 


1-92 


1*40 


4*75 


•98 


400 


6*68 


5-36 


4*60 


3*36 


17*97 


20-00 


5*72 


14-4 x 4*0 


9*9 A 4* 




3-87 


4*62 


3-A6 


V9.'^ 


1*41 


4P0 


-99 
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t»8 



11 



3g 






20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
SO 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
8S 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 



Area or each Steam Port, in Square Inchei. 



12-89 

13-44 

13-99 

14-54 

15-09 

15-64 

16*31 

16-98 

17-65 

18-32 

19-00 

19-79 

20-58 

21-37 

22-17 

22-97 

23-88 

24-80 

25-71 

26-63 

27-56 

28-59 

29*62 

30-66 

31-69 

32-75 

33*91 

35*07 

36*23 

37-39 

38*56 

39*84 

41-12 

42*40 

43-68 

44-97 

46-37 

47*78 

49*18 

50-59 

52*00 

53*53 

55*06 

56*59 

58-12 

59*64 

61-29 

62*94 

64-59 

66-24 

67-89 

69-66 

71-43 

73-20 

74*98 

76-75 

78*64 

80-53 

82*42 

84*31 

86-22 

88-24 

90*26 

92-27 

94*28 

96-30 

98*44 

100*58 

102*72 

104*86 

107-00 

109-26 

111*52 

113*78 

116-04 

118-31 

120-69 

123*07 

125*45 

127*83 

130*22 



2i 



14-11 

14-79 

15-47 

16-15 

16-84 

17-55 

18-39 

19*23 

20*07 

20-91 

21*75 

22-74 

28-73 

24-72 

25-71 

26-71 

27-85 

28*99 

30*13 

31-28 

32-44 

33*74 

3504 

36*34 

37*64 

38*94 

40*39 

41*84 

43*29 

44*74 

46*19 

47*79 

49*39 

50*99 

52*60 

54*21 

55*96 

57-72 

59*48 

61*23 

63*00 

64-50 

66*00 

67*51 

69-02 

70-54 

73*00 

75*46 

77*92 

80*38 

82*86 

85*08 

87*30 

89*52 

91*73 

93*94 

96*30 

98-66 

101-02 

103*39 

105*77 

108*29 

110*81 

113*33 

115*85 

118*38 

121*05 

123*72 

126*39 

129*06 

131*75 

134*57 

137*39 

140*21 

143*03 

145*88 

148*85 

151*82 

154*79 

157*76 

160*77 



15*33 

1615 

16*97 

17*79 

18*62 

19*46 

20-47 

21*47 

22*48 

23*49 

24*50 

25*69 

26*88 

28*07 

29-26 

30*45 

31*82 

33*19 

34*56 

35-93 

37*33 

38*89 

40*45 

4201 

43-57 

45-13 

46-87 

48*61 

50-35 

52-09 

53*83 

55-75 

57-67 

59-59 

61-52 

63-45 

65-56 

67-67 

69*78 

71-89 

74-00 

75-48 

76-96 

78-44 

79-92 

81-44 

84-71 

87-98 

91-25 

94-52 

97-83 

100-49 

103-15 

105*81 

108*47 

111-13 

113-97 

116-81 

119-65 

122-49 

125*33 

128*36 

131*38 

134*40 

137*42 

140*46 

143*66 

146*86 

150*06 

153*27 

156*50 

159*89 

163*28 

166*67 

170*06 

173*45 

177*02 

180-59 

184-16 

187-73 

191-33 



H 



16-55 

17-51 

18*47 

19*43 

20*40 

21*37 

22-54 

23-71 

24-88 

26-06 

27-25 

28-74 

30-23 

31-72 

33-21 

34-71 

36-21 

37*71 

39-21 

40-71 

42-21 

44*03 

45*85 

47-67 

49*49 

51*32 

53-35 

55-38 

57-41 

59-44 

61-47 

63*71 

65*95 

68-19 

70-43 

72-69 

75-15 

77-61 

80-07 

82-53 

85-00 

86-46 

87-92 

89-38 

90-84 

92-34 

96-43 

100-52 

104-61 

108-70 

1 12-80 

115-90 

119-00 

122-10 

125-21 

128*32 

131-63 

134-94 

138*25 

141*56 

144*88 

148-41 

151*94 

155-47 

159*00 

162*54 

166*28 

170*02 

173-76 

177*50 

181*25 

185*20 

189*15 

193*10 

197*05 

201-02 

205*19 

209*36 

213*53 

217-70 

221-88 



17-78 

18-88 

19*98 

21-08 

22-18 

23*28 

24*62 

25*96 

27*30 

28*64 

30*00 

31*58 

33*16 

34*74 

36-32 

37-94 

39*77 

41-60 

43*43 

45-26 

47-11 

49-18 

51-25 

53-32 

55-40 

57*50 

59-82 

62-14 

64-46 

66-78 

69-11 

71*66 

74-22 

76*78 

79-35 

81*94 

84*75 

87-56 

90*37 

93-18 

96-00 

97-44 

98-88 

100*32 

101-76 

103-24 

108-14 

113*04 

117-94 

122-84 

127-78 

131-32 

134*86 

138-40 

141*94 

145-50 

149-28 

15307 

156*85 

160*64 

164*44 

168-47 

172-50 

176-53 

180*56 

184*61 

188*88 

19316 

197*43 

201*70 

206-00 

210*52 

215*04 

219*56 

224*08 

228*61 

233*37 

238-13 

242-89 

247-65 

252*44 



H 



19-00 

20-23 

21-46 

22-69 

23-93 

25-19 

26-70 

28*21 

29*72 

31*23 

32*75 

34*53 

36*31 

38*09 

39*87 

41*68 

43*74 

45*80 

47*86 

49-93 

52-00 

54-33 

56-66 

58-99 

61*33 

63*69 

66*30 

68*91 

71-52 

74-14 

76-75 

79-69 

82*63 

85*57 

88-52 

91-48 

94-58 

97*68 

100*78 

103*89 

107*00 

108*83 

110-66 

112-50 

114-34 

116-19 

121-49 

126*80 

132*11 

137*42 

142-75 

146-73 

150-71 

154-69 

158-67 

162-69 

166*95 

171*21 

175*47 

179*73 

183-99 

188*53 

193*07 

197*61 

202*15 

206*69 

211*50 

216*31 

221*1-2 

225*94 

230*75 

235*83 

240-91 

245-99 

251-07 

256-18 

261-54 

266*90 

272-26 

277-62 

282-99 



20-22 

21-59 

22-96 

24*33 

25*71 

27*10 

28*78 

30*46 

32*14 

33*82 

35*50 

37*48 

39-46 

41-44 

43*42 

45*42 

47-71 

50*00 

52*29 

54*58 

56*89 

59-48 

62*07 

64*66 

67-27 

69*88 

72-78 

75*68 

78-58 

81*48 

84-39 

87-71 

91*03 

94-35 

97-67 

101-02 

104*41 

107-80 

111-19 

114-59 

118-00 

120-22 

122-44 

124-66 

126*89 

129-14 

134-S6 

140-58 

146*29 

152-00 

157*72 

162-15 

166-58 

171-01 

175-44 

179*88 

184*61 

189*34 

104-07 

198-80 

203-55 

208-59 

213-63 

218-67 

223*71 

228-77 
234-11 

239-45 
244-79 
250-14 
255-50 
261-15 
266-80 
272-45 
278-10 
283-76 
289-71 
295-66 
301-61 
307-57 
313-55 



H 



21-44 

22-95 

24-46 

25-97 

27-49 

29-01 

30-85 

32-69 

34-53 

36-37 

38-25 

40-43 

42-61 

44-79 

46-97 

49-16 

51-68 

54-20 

56-72 

59*24 

61*78 

64*63 

67-48 

70*33 

73-19 

76-06 

79*25 

82-44 

85*64 

88*84 

92*03 

95*73 

99*43 

103*13 

106*84 

110*56 

114*25 

117*93 

121*61 

125*30 

129*00 

131-61 

134*22 

136*83 

139*44 

142*09 

148-21 

154-33 

160*45 

166*57 

172*69 

177-56 

182*43 

187*30 

192-18 

197-07 

202*27 

207-47 

212-67 

217-88 

223-10 

228-65 

234-25 

239-80 

245-35 

250-85 

256*73 

262-61 

268*49 

274*37 

280-25 

286*46 

292*67 

298*88 

305-09 

311-33 

317*88 

324*43 

330*98 

337*53 

344*10 



6i 



22-66 

24*31 

25*96 

27-61 

29-26 

30*92 

3203 

34*04 

36*05 

38*07 

41*00 

43*38 

45*76 

48*14 

50-52 

52-90 

55*65 

58*40 

61-15 

63-90 

66*67 

69*78 

72*89 

76*00 

7912 

82*25 

85*73 

89*21 

92-69 

96*17 

99*67 

103*75 

107-83 

111-91 

115-99 

120-10 

124-08 

128*06 

132*04 

13602 

14000 

143*00 

14601 

149*02 

152*03 

155-04 

161*56 

168*08 

174*60 

181-12 

187*66 

192-98 

198*30 

203-62 

208*94 

214-26 

219-94 

225-62 

231-30 

236-98 

242-66 

248-71 

254-76 

260-81 

266-86 

272-92 

279*33 

285*74 

292*15 

298*56 

30500 

311-78 

318-56 

325*34 

332*12 

338-91 

346*06 

353-21 

360-36 

367*51 

374*66 






23*88 

25*67 

27*46 

29-25 

31*04 

32*83 

35-01 

37*19 

39*37 

41*55 

43*75 

46-32 

48*89 

51*46 

54 04 

56-64 

59*62 

62*60 

65*58 

68-56 

71*56 

74*93 

78*30 

81-67 

85*05 

88-44 

92*21 

95-98 

99-75 

103-53 

107*31 

111*77 

116*23 

120*69 

125*15 

129*64 

133*91 

138*18 

142*45 

146*72 

151*00 

154*39 

157*79 

161*18 

164*58 

167-99 

174*91 

181*83 

188*76 

195-69 

202-63 

208*39 

214*15 

219-91 

225*67 

231-45 

237-60 

243*75 

249*90 

256*05 

262*21 

268*76 

275*31 

281-86 

288*42 

295-00 

301-95 

308*90 

315*85 

322*80 

329*75 

337*09 

344*44 

351-78 

359*13 

366*48 

374*22 

381*96 

389*70 

397*45 

405-21 



25-10 

27-02 

28-94 

30-86 

32-78 

34-74 

37-09 

39*44 

41-79 

44-15 

46-50 

49-27 

52*04 

54-81 

57-58 

60-38 

63*59 

66*80 

70*01 

73*22 

76*45 

80-08 

83-71 

87-34 

90*97 

94-63 

98*69 

102-75 

106*81 

110*87 

114*94 

119*78 

124*62 

129*46 

134*30 

139*18 

143*74 

148*30 

152*86 

157.43 

162-00 

165*78 

169*56 

173*35 

177-13 

180-94 

188*27 

195*60 

202-93 

210*26 

217*60 

223*80 

230*01 

236-22 

242*43 

248*64 

255-26 

261*89 

268*51 

275*14 

281*77 

288*83 

295*S9 

302-95 

310*01 

317*08 

324*")6 

332*04 

339 •52 

347-00 

354-50 

362*41 

370-32 

378*23 

386*14 

394*00 

402*40 

410-74 

419*08 

427*42 

435*77 



n 



26-33 

28*39 

30*45 

32*51 

34*57 

36*65 

39*17 

41*69 

44*21 

46*73 

49*25 

52-22 

55*19 

58*16 

61-13 

64-12 

67-56 

71*00 

74*44 

77*88 

81*34 

85*23 

89*12 

93*01 

96*91 

100*82 

105*17 

109*52 

113-87 

118*22 

122*58 

127*80 

133*02 

138*25 

143*47 

148-72 

153-57 

158-42 

163-27 

16813 

173-00 

17717 

181*34 

185-52 

189*70 

193*89 

201*62 

200-36 

21"*09 

224*83 

232*57 

239*22 

245*tf7 

252*52 

259*17 

265*83 

272*92 

280*01 

287*10 

294*19 

301*32 

308*88 

316*44 

324*00 

331-57 

339*16 

347*17 

355*18 

363*19 

371*20 

379*25 

387*72 

396*19 

404*66 

413*13 

421*64 

430*57 

439*50 

448*43 

457*37 

466*32 



27*55 

29*75 

31*95 

34*15 

36*35 

38-56 

41*24 

43*92 

46-60 

49*29 

52*00 

55*17 

58*34 

61*51 

64*68 

67*86 

71*53 

75*20 

78*87 

82*54 

86*23 

90-38 

94*53 

98-68 

102-84 

107-01 

111*65 

116*29 

120-93 

125*57 

130-22 

135-82 

141*42 

147*03 

152*64 

158*26 

163*40 

168*54 

173*68 

178*84 

184-00 

188*57 

193*13 

197*69 

202*26 

206*84 

214-98 

223*12 

231*26 

239*40 

247*54 

254*63 

261*72 

268*81 

275*91 

283*02 

290*59 

298*16 

305*73 

313*30 

320*88 

328-95 

337*02 

345*09 

353*16 

361*24 

369*79 

378*34 

386*89 

395*44 

404*00 

413*04 

422*08 

431-12 

440*16 

449*21 

458*74 

468*28 

477*82 

487*36 

496-90 



H 



28-77 

31-11 

33-45 

35-79 

38-13 

40*47 

43*32 

46*17 

49-02 

51*88 

54*75 

58*12 

61*49 

64*86 

68*23 

71*60 

75*50 

79*40 

83*30 

87*20 

91-12 

95*52 

99-93 

104*34 

108*75 

113*20 

118*13 

123*06 

127*99 

132-92 

137*86 

143*84 

149*82 

155-80 

161*79 

167*80 

173*24 

178*68 

184-12 

189-56 

195*00 

199*95 

204*90 

209*85 

214*80 

219*79 

228-33 

236*87 

245*41 

253*95 

262*51 

269*32 

276*13 

282*95 

289*77 

296*59 

305-36 

314*13 

322*90 

331*67 

340*44 

349*01 

357*58 

366*16 

374*74 

383*32 

392*40 

401-48 

410*56 

419*65 

428*75 

438*35 

447*95 

457*55 

467*16 

476*78 

486*88 

496*99 

507*09 

517-19 

527-30 





si- 

IP 

o 




9 




30-00 


20 




32-47 


21 




34-94 


22 




37-41 


23 




39*88 


24 




42-37 


25 




45-39 


26 




48-41 


27 




51-43 


28 




54-45 


29 




57*49 


30 




61*06 


31 




64-63 


32 




68-20 


33 




71-77 


34 




75-37 


35 




79*49 


36 




83*61 


37 




87-73 


38 




91-86 


39 




95-99 


40 




100-66 


41 




105-33 


42 




110-00 


43 




114-68 


44 




119-37 


45 




124-59 


46 




129-81 


47 




135-03 


48 




140-25 


49 




145*49 


50 




151*86 


51 




158-23 


52 




164-60 


53 




170-98 


54 




177-37 


55 




183*09 


56 




188*81 


57 




194*54 


58 




200*27 


59 




206*00 


60 




211*35 


61 




216*70 


62 




222*05 


63 




227*40 


64 




232*75 


65 




241*70 


66 




250*65 


67 




259*60 


68 




268-55 


69 




277-50 


70 




284-03 


71 




290*56 


72 




297*09 


73 




303*63 


74 




310*17 


75 




320*13 


76 




330*09 


77 




340*05 


78 




350*02 


79 




360*00 


80 




369*07 


81 




378*14 


82 




387*21 


83 




396*29 


84 




405*37 


85 




414*99 


86 




424*61 


87 




434*24 


88 




443*82 


89 




453*50 


90 




463-67 


91 


• 


473*84 


92 




484*01 


93 




494-19 


94 




504*37 


95 




615-09 


96 




525*82 


97 




536*55 


98 




547*27 


99 




558-00 


100 
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arine Bnginetf. 












ll< 














Diameter of Branda Steam Pipe, In Indies. 












Diameter 

of Crllnder, 

in uidiei. 


































2 


H 


3 


H 


4 


H 


5 


H 


6 


6i 


7 


7i 


8 


^ 


9 


20 


3-76 


3-90 


4-02 


4*14 


4-26 


4-38 


4*49 


4-60 


4*71 


4*81 


4-91 


5-01 


5-11 


5-21 


5-30 


20 


21 


3-82 


3-97 


4-10 


4-23 


4*36 


4-49 


4*61 


4-73 


4*84 


4*95 


5*06 


5*17 


5-27 


5*38 


5-48 


21 


22 


3-88 


4*04 


4-18 


4-32 


4-46 


4*60 


4*73 


4-86 


4*97 


5*09 


5*21 


5*33 


5-43 


5*55 


5*66 


22 


23 


3-94 


4-11 


4-26 


4-41 


4-56 


4*71 


4-85 


4-99 


5*11 


5*23 


5*36 


5*49 


5-60 


5*72 


5*84 


23 


24 


4-00 


4-18 


4-34 


4-50 


4-66 


4-82 


4-97 


5*12 


5*25 


5*37 


5*51 


5*65 


5-77 


5*89 


6*02 


24 


25 


4-06 


4-25 


4-42 


4-59 


4-76 


4-93 


5-09 


5*25 


5*39 


5*51 


5-66 


5*81 


5-94 


6*06 


6*20 


25 


26 


4-12 


4-32 


4-50 


4-69 


4*87 


5*04 


5-21 


5*38 


5*53 


5*66 


6-81 


5*97 


611 


6*23 


6*38 


26 


27 


4-18 


4-39 


4-59 


4-79 


4-98 


5-15 


6-33 


5*51 


5*67 


5*81 


5*97 


6*13 


6-28 


6-41 


6*56 


27 


28 


4-24 


4-46 


4-68 


4-89 


5*09 


5-27 


5-45 


5*64 


5-81 


5*96 


6-13 


6*29 


6-45 


6-59 


6*74 


28 


29 


4-31 


4-54 


4-77 


4-99 


5*20 


5-39 


5*58 


5*77 


5*95 


6*11 


6*29 


6-45 


6-62 


6-77 


6*92 


29 


80 


4*38 


4-62 


4-86 


509 


5*31 


5-51 


5*71 


5*90 


6*09 


6*27 


6*45 


6*62 


6-79 


6-95 


7*11 


30 


31 


4-45 


4-70 


4-95 


5-19 


5-42 


5-63 


5*84 


6*04 


6*24 


6*43 


6-61 


6*79 


6*97 


7*13 


7*80 


31 


32 


4-52 


4-78 


504 


5*29 


5*53 


5-75 


5*97 


6*18 


6*39 


6*59 


6-77 


6*96 


7*15 


7*31 


7-49 


32 


83 


4-59 


4-86 


5-14 


5-40 


5*65 


5-88 


6-10 


6-31 


6*54 


6*75 


6-93 


7*13 


7*33 


7*50 


7*68 


33 


34 


4-66 


4-94 


5-24 


5-51 


5*77 


6-01 


6-23 


6-45 


6*69 


6-91 


7-10 


7*30 


7-51 


7*69 


7-87 


34 


35 


4-73 


5-03 


5-34 


5-62 


5-89 


614 


6-37 


6-59 


6*84 


7-07 


7*27 


7*47 


7-69 


7*88 


8*06 


35 


36 


4-80 


5-12 


5-44 


5-73 


6-01 


6-27 


6-51 


6-74 


6*99 


7-23 


7*44 


7*64 


7-87 


8*07 


8-25 


36 


37 


4-87 


5-21 


5-54 


5-84 


6-13 


6-40 


6-65 


6*89 


7*14 


7*39 


7-61 


7*82 


8-05 


8*26 


8-45 


87 


38 


4-95 


5-30 


5-64 


5-95 


6*25 


6*53 


6-79 


7*04 


7*29 


7*55 


7-78 


8*00 


8-23 


8-45 


8-65 


38 


39 


5-03 


5-39 


5-74 


606 


6*37 


6-66 


6-93 


7-19 


7*45 


7*71 


7-95 


8*18 


8-42 


8-64 


8*85 


39 


40 


511 


5-48 


5-84 


617 


6*49 


6-79 


7*07 


7*35 


7*62 


7*88 


8*12 


8*36 


8-60 


8-83 


9-05 


40 


41 


5-19 


5-57 


5-94 


6-28 


6*61 


6-92 


7-21 


7*50 


7-77 


8*04 


8*29 


8*54 


8-78 


9-02 


9-25 


41 


42 


5-27 


5-66 


6-04 


6*39 


6-73 


7*05 


7-35 


7*65 


7*93 


8*20 


8*46 


8-72 


8*96 


9-21 


9*45 


42 


43 


5-35 


5-75 


6*14 


6-50 


6*85 


7-18 


7-49 


7*80 


8*09 


8*36 


8-63 


8-90 


9-15 


9-40 


9*65 


43 


44 


5-43 


5-84 


6-24 


6-62 


6*97 


7-31 


7-63 


7*95 


8*25 


8*53 


8*80 


9-08 


9-34 


9-59 


9-85 


44 


45 


5-51 


5-93 


6-34 


6*74 


7-10 


7-44 


7-73 


8*10 


8*41 


8*70 


8-97 


9*26 


9-53 


9-7-8 


10-05 


45 


46 


6-59 


6-02 


6-45 


6*86 


7-23 


7-58 


7-87 


8-25 


8*57 


8*87 


9-15 


9*44 


9-72 


9-97 


10-25 


46 


47 


5-67 


6-11 


6-56 


6-98 


7-36 


7-72 


8-02 


8-40 


8*73 


9*04 


9-33 


9*62 


9-91 


10-17 


10-45 


47 


48 


5-75 


6-21 


6-67 


7-10 


7-49 


7-86 


8-17 


8-55 


8*89 


9*21 


9-51 


9*80 


10-10 


10-37 


10-65 


48 


49 


5-83 


6-31 


6-78 


7*22 


7-62 


8-00 


8-32 


8-71 


9*05 


9*38 


9*69 


9*99 


10-29 


10-57 


10*85 


49 


50 


5-92 


6-41 


6-89 


7-34 


7-75 


8-14 


8-51 


8-87 


9-21 


9*54 


9*87 


10*18 


10-48 


10-77 


11-05 


50 


51 


6-00 


6-51 


7-00 


7-46 


7-88 


8-28 


8*65 


9-02 


9*37 


9*71 


10*04 


10*36 


10-67 


10-96 


11-26 


51 


52 


6-09 


6-61 


7-11 


7-58 


8-01 


8-42 


8-84 


9-17 


9-53 


9*88 


10*21 


10*54 


10*86 


11-15 


11-46 


52 


53 


6-18 


6-72 


7-22 


7-70 


8*14 


8-56 


8-99 


9-32 


9*69 


10*05 


10-39 


10-72 


11*05 


11-34 


11-67 


53 


54 


6-27 


6-82 


7-33 


7-82 


8*27 


8-70 


9-14 


9-47 


9*85 


10*22 


10-57 


10-90 


11*24 


11-54 


11-87 


54 


55 


6-36 


6-92 


7-44 


7-94 


8-40 


8-84 


9-29 


9-62 


10*01 


10*39 


10-75 


11-08 


11*43 


11-74 


12-07 


55 


56 


6-45 


7-02 


7-55 


8-06 


8-53 


8-98 


9-44 


9*77 


1017 


10*56 


10-93 


11-26 


11*62 


11-94 


12-28 


56 


57 


6-54 


7-13 


7-66 


8-18 


8-66 


9-12 


9-59 


9-92 


10*34 


10-73 


11-11 


11*45 


11*81 


12-14 


12-48 


57 


58 


6-63 


7-23 


7-77 


8-30 


8-79 


9-26 


9-74 


10-08 


10-51 


10-90 


11-29 


11*64 


12-00 


12-34 


12-68 


58 


59 


6-71 


7-33 


7-88 


8-42 


8-92 


9-40 


9-89 


10-24 


10-68 


11*07 


11-47 


11*83 


12-19 


12-54 


12-88 


59 


60 


6-78 


7-43 


8-00 


8-54 


9-05 


9-54 


1000 


10-44 


10-85 


11*25 


11-65 


12*03 


12-39 


12-74 


13-09 


60 


61 


6-87 


7-53 


8-11 


8-66 


9-18 


9-68 


10-14 


10-59 


11*01 


11-42 


11-82 


12*21 


12-58 


12-94 


13-29 


61 


62 


6-96 


7-63 


8-22 


8-78 


9-31 


9-82 


10-28 


10-74 


11*17 


11-59 


11*99 


12*39 


12-77 


13-14 


13-49 


62 


63 


7-05 


7-73 


8-33 


8-90 


9-44 


9*96 


10-43 


10-89 


11-33 


11-76 


12*17 


12*57 


12-96 


13-34 


13-69 


63 


64 


7-14 


7-82 


8-44 


9-02 


9-57 


1010 


10-58 


11-04 


11-49 


11-93 


12*35 


12-75 


13-15 


13-55 


13-89 


64 


65 


7-23 


7-92 


8-55 


9-14 


9-70 


10*24 


10-73 


11-20 


11*65 


12-10 


12*53 


12-93 


13-34 


13*75 


14-10 


65 


66 


7-32 


8-02 


8-66 


9-26 


9-83 


10-38 


10-88 


11-36 


11-82 


12*27 


12-71 


13-12 


13-53 


13*95 


14-31 


66 


67 


7-41 


8-12 


8-77 


9-38 


9-96 


10-52 


11-03 


11-52 


11*99 


12*44 


12-89 


13-31 


13-72 


14*15 


14-52 


67 


68 


7-50 


8-22 


8-88 


9-51 


10-09 


10-66 


11-18 


11*68 


12-16 


12*62 


13-07 


13-50 


13-92 


14-35 


14-73 


68 


69 


7-59 


8-32 


9-00 


9-64 


10-23 


10-80 


11-33 


11*84 


12-33 


12*80 


13-25 


13-69 


14-12 


14-55 


14-94 


69 


70 


7-67 


8-42 


9-12 


9-77 


10-37 


10*94 


11-48 


12-00 


12-50 


12-98 


13-43 


13-88 


14-32 


14-75 


15-15 


70 


71 


7-76 


8-52 


9-23 


9-89 


10-50 


11-08 


11-63 


1216 


12-66 


13-15 


13*61 


14-07 


14-51 


14-96 


15-35 


71 


72 


7-85 


8-62 


9-34 


10-01 


10-63 


11-23 


11-78 


12-32 


12-83 


13-32 


13-79 


14-26 


14*70 


15-16 


15-56 


72 


73 


7-94 


8-72 


9-45 


10-13 


10-76 


11-37 


11-93 


12-48 


13-00 


13-49 


13-97 


14*45 


14-89 


15-36 


15-76 


73 


74 


803 


8-82 


9-56 


10-25 


10*89 


11*52 


1208 


12-64 


13-17 


13-66 


14-15 


14-64 


15-08 


15-56 


15*97 


74 


75 


812 


8-93 


9-68 


10-37 


11*02 


11-66 


12-23 


12-80 


13-34 


13-84 


14-33 


14-83 


15-28 


15-76 


16*18 


75 


76 


8-21 


9-04 


9-80 


10-50 


1116 


11-81 


12-38 


12-96 


13*51 


14*02 


14-51 


15-02 


15-48 


15-96 


16*39 


76 


77 


8-30 


9-15 


9-92 


10-63 


11-30 


11-95 


12-54 


1312 


13*68 


14*20 


14-70 


15-21 


15-68 


16-16 


16-60 


77 


78 


8-39 


9-25 


10-04 


10-76 


11-44 


12*10 


12-70 


13-28 


13-85 


14*38 


14-89 


15*40 


15-88 


16-37 


16-81 


78 


79 


8-48 


9-36 


10-16 


10-89 


11-58 


12-24 


12-86 


13-44 


14-02 


14*56 


15-08 


15*59 


16-08 


16-57 


17-02 


79 


80 


8-59 


9-46 


10-28 


11-02 


11-73 


12-39 


13-02 


13-61 


14*19 


14-74 


15*27 


15-78 


16*28 


16-77 


17*23 


80 


81 


8-68 


9-56 


10-39 


1114 


11*86 


12-53 


1317 


13-77 


14*35 


14-91 


15*45 


15-97 


16-47 


16-97 


17-43 


81 


82 


8-77 


9-66 


10-50 


11-26 


11-99 


12-67 


13-32 


13-93 


14*52 


15-08 


15*63 


16-16 


16-66 


17-17 


17-64 


82 


83 


8-86 


9-76 


10-61 


11-38 


1212 


12-81 


13-47 


14-09 


14*69 


15*25 


15-81 


16-35 


16-85 


17-38 


17-85 


83 


84 


8-95 


9-86 


10-72 


11-51 


12-25 


12-95 


13-62 


14*26 


14*86 


15-42 


15-99 


16-54 


17-04 


17-58 


18-06 


84 


85 


9-04 


9-97 


10-84 


11-64 


12-39 


13-09 


13-77 


14-42 


15*03 


15-60 


16-17 


16-73 


17-24 


17-78 


18-27 


85 


86 


913 


10-08 


10-96 


11-77 


12-53 


13-24 


13-92 


14-58 


15*20 


15-78 


16-35 


16-92 


17-44 


17-98 


18-48 


86 


87 


9-22 


10-19 


11-08 


11-90 


12-67 


13-39 


14-07 


14-74 


15*37 


15-96 


16-53 


1711 


17-64 


18-19 


18-69 


87 


88 


9-31 


10-30 


11-20 


12-03 


12-81 


13-54 


14-23 


14-90 


15*54 


16-14 


16*72 


17-30 


17-84 


18-39 


18*90 


88 


89 


9-41 


10-41 


11-32 


1216 


12*95 


13-69 


14-39 


15*07 


15*71 


16-32 


16-91 


17-49 


18-04 


18-59 


19*11 


89 


90 


9-52 


10-52 


11-44 


12*29 


13-09 


13-84 


14-55 


15-24 


15*88 


16-50 


17-10 


17-68 


18*24 


18-79 


19*32 


90 


91 


9-61 


10-62 


11-55 


12-41 


13-22 


13-98 


14-70 


15*40 


16*04 


16-67 


17-28 


17-87 


18*43 


18-99 


19*52 


91 


92 


9-70 


10-72 


11-67 


12-54 


13-35 


14-12 


14-85 


15-56 


16*21 


16*84 


17-46 


18-06 


18*62 


19-19 


19*73 


92 


93 


9-79 


10-82 


11-79 


12-67 


13-49 


14-26 


15*00 


15-72 


16*38 


17*02 


17-64 


18-25 


1881 


19-40 


19-94 


93 


94 


9-88 


10-93 


11-91 


12*80 


13-63 


14-40 


15-15 


15-88 


16-55 


17*20 


17-82 


18-44 


19*01 


19-60 


20-15 


94 


95 


9-97 


11-04 


12-03 


12-93 


13-77 


14-55 


15-30 


16-04 


16-72 


17-38 


18-01 


18-63 


19*21 


19-80 


20-36 


95 


96 


I0i)6 


11-15 


12-25 


13-06 


13-91 


14-70 


15*45 


16*20 


16*89 


17*56 


18-20 


18-82 


19*41 


20*00 


20-57 


96 


97 


1015 


11-26 


12-27 


13-19 


14-05 


14-85 


15*61 


16*36 


17*06 


17*74 


18*39 


19*01 


19*61 


20-20 


20-78 


97 


98 


10-24 


11-37 


12-39 


13-32 


14*19 


15-00 


15-77 


16*52 


17*23 


17*92 


18-58 


19*20 


19*81 


20*41 


20-99 


98 


99 


10-33 


11-48 


12-51 


13-45 


14-33 


15-15 


15*93 


16*68 


17*40 


18*10 


18-77 


19*40 


20*01 


20*61 


21-20 


99 


100 


10-47 


11*59 


12-63 


13*58 


14*47 


15-30 


16*09 


16-84 


17-57 


18-28 


18-96 


19-60 


20-21 


20-81 


21-41 


100 
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1 


Diameter of Wasts 

Water Pipe, in 

Inches. 


Area of Fort Valre 

Passage, in Square 

Inches. 


Area of Injection Pipe, 
in Square Inches. 


Diameter of Feed 
Pipe, in Inches. 


Diameter of Waste 

Steam Pipe, In 

Inches. 


Diameter of Safety 
Valre when only 
One used. 


Diameter of each 

Safety Valve when 

Two used. 


- QO 


Diameter of each 

Safety Valve when 

Four used. 


• 


Diameter of Waste 
Steam Pipe. 


Diameter of Safety 

Valre when only 

One used. 


Diameter of each 

Safetr Valve when 

Two used. 


Diameter of each 

Safety Valve when 

Three used. 


Diameter of each 
Safety Valre when 
,Four uaed. 


5 


2-69 


17 


3-15 


1*79 


4*33 


5 


3*54 


2*89 


2-5 


405 


12-99 


15*00 


10*60 


8*66 


7-50 


10 


3*32 


26 


3-49 


1*84 


4*52 


6*23 


3*70 


3*02 


2*61 


410 


1307 


1509 


10-66 


8*71 


7*54 


15 


3-94 


35 


3-84 


1*89 


4*71 


5*45 


3*86 


3*14 


2-71 


415 


13-14 


15-17 


10*72 


8*76 


7*58 


20 


4-56 


44 


4-18 


1*94 


4-90 


6*66 


4*02 


3-26 


2*81 


420 


13*21 


15*25 


10*78 


8-81 


7-62 


25 


5-18 


53 


4-53 


1-99 


5-08 


5*86 


4-17 


3*38 


2-92 


425 


13*28 


15*33 


10*84 


8*86 


7-66 


SO 


5-80 


62 


4-87 


2-04 


5-26 


6*05 


4-32 


3-50 


3-02 


430 


13-35 


15*41 


10*90 


8*91 


7-70 


35 


6*42 


71 


5-22 


2-09 


5-43 


6*24 


4-47 


3*62 


3-12 


435 


13-42 


15*49 


10*96 


8*96 


7*74 


40 


7-04 


80 


5-56 


2*13 


5*60 


6*42 


4*62 


3*74 


3-23 


440 


13-49 


15-57 


1102 


9*00 


7*78 


45 


7*66 


89 


5-91 


2*18 


5*77 


6*60 


4-76 


3*86 


3-33 


445 


13-56 


15-65 


11*08 


9-05 


7*82 


50 


8*28 


98 


6*25 


2-23 


5*94 


6-80 


4-90 


3*98 


3-43 


450 


13*63 


15*73 


11*13 


9*09 


7*86 


55 


8-90 


107 


6*60 


2-28 


612 


7-07 


5-00 


4*08 


3-53 


455 


13*70 


15*81 


11*18 


9*13 


7*90 


60 


9-50 


116 


6-94 


2-32 


6*26 


7-23 


5-12 


4-18 


3*61 


460 


13-77 


15*d9 


11-24 


9*18 


7-94 


65 


10-06 


125 


7-29 


2-36 


6*40 


7*39 


5-24 


4-28 


3*69 


465 


13-84 


15*97 


11*29 


9*23 


7-98 


70 


10-56 


134 


7*63 


2-40 


6*54 


7*55 


5*35 


4*37 


3*77 


470 


13-91 


16*05 


11-35 


9*28 


8-02 


75 


10-96 


143 


7-98 


2-44 


6*68 


7*71 


6-46 


4-46 


3-85 


475 


13-98 


1613 


11*40 


9*33 


8*06 


80 


11-31 


152 


8-32 


2-48 


6*82 


7-87 


6-57 


4-55 


3-93 


480 


14-05 


16-20 


11*45 


9*37 


8-10 


85 


11-61 


161 


8-67 


2-52 


6*96 


8-03 


6-68 


4-64 


401 


485 


14-12 


16*27 


11*50 


9*41 


8-14 


90 


11-89 


170 


901 


2-56 


7*10 


8-19 


5*79 


4-73 


4*09 


490 


14-18 


16*34 


11*55 


9*45 


8*18 


95 


12-09 


179 


9*36 


2-60 


7*24 


8-35 


5*90 


4-82 


4*17 


495 


14-24 


16*41 


11*60 


9*49 


8-21 


100 


12-19 


188 


9-70 


2*64 


7*31 


8-51 


6-01 


4*91 


4-25 


500 


14-30 


16*48 


11*65 


9*52 


8-24 


105 


12-29 


197 


1005 


2*68 


7*50 


8-66 


6*12 


5:00 


4*33 


505 


14-36 


16*55 


11*70 


9*56 


8-27 


110 


12-56 


206 


10-39 


2-72 


7*62 


8-80 


6*22 


6*08 


4-40 


510 


14.43 


16-63 


11*76 


9-61 


8-31 


115 


12-83 


215 


10-74 


2-76 


7*74 


8-94 


6*32 


6*16 


4-47 


515 


14-50 


16*71 


11*81 


9*66 


8*35 


120 


13-10 


224 


1108 


2-80 


7*86 


9-08 


6-42 


5-24 


4-54 


520 


14-57 


16-79 


11*87 


9*71 


8-39 


125 


13-37 


233 


11-43 


2-84 


7*98 


9-22 


6*52 


5*32 


4*61 


525 


14*64 


16*87 


11*92 


9-76 


8-43 


130 


13-64 


242 


11*77 


2-88 


8*10 


9-36 


6-62 


5-40 


4-68 


530 


14*70 


16-95 


11*98 


9*80 


8-47 


135 


13-91 


251 


12*12 


2-91 


8-22 


9-50 


6*71 


6*48 


4-75 


635 


14-76 


17*03 


12*03 


9-84 


8-51 


140 


14-18 


260 


12*46 


2-94 


8-33 


9-63 


6*80 


6*55 


4-82 


640 


14-83 


17*11 


12*09 


9*88 


8-55 


145 


14-44 


269 


12-81 


2-97 


8-44 


9-76 


6-89 


6*62 


4*88 


545 


1500 


17*18 


12*14 


9-92 


8-59 


150 


14-70 


278 


13-15 


3-00 


8-55 


9-89 


6-98 


5*69 


4*94 


550 


15-07 


17*25 


12*20 


9-96 


8-63 


155 


14-97 


287 


13-50 


3-03 


8-66 


10-00 


7*07 


5-77 


5*00 


555 


1513 


17*32 


12*25 


10-00 


8-66 


160 


15-20 


296 


13*84 


3-07 


8-76 


10-12 


7*16 


5*84 


5*06 


560 


15-19 


17*40 


12*30 


10-05 


8-70 


165 


15-43 


305 


14-19 


3-11 


8*86 


10-24 


7*25 


5*91 


5*12 


565 


15-25 


17*47 


12*35 


10*09 


8-73 


170 


15-65 


314 


14-53 


3-14 


8*96 


10-36 


7-34 


5*98 


6*18 


570 


15*31 


17-54 


12-40 


10*13 


8-77 


175 


15-87 


323 


14-88 


3-17 


9-06 


10-48 


7*43 


6-05 


5*24 


575 


15-37 


17*61 


12-45 


10*17 


8-80 


180 


16-09 


332 


15-22 


3-20 


9-16 


10-60 


7*52 


6*12 


5-30 


580 


15-43 


17-68 


12-50 


10*21 


8-84 


185 


16-31 


341 


15-57 


3*23 


9-26 


10*72 


7*60 


6-19 


5-36 


585 


15*49 


17*75 


12-55 


10*25 


8*87 


190 


16-53 


350 


15-91 


3-26 


9-36 


10-84 


7*68 


6-26 


5-42 


590 


15-55 


17*82 


12-60 


10-29 


8-91 


195 


16-75 


359 


16*26 


3-29 


9*46 


10*95 


7-76 


6-33 


5-48 


595 


15*61 


17*89 


12-65 


10-33 


8-94 


200 


16-97 


368 


16-60 


3*32 


9-56 


11*06 


7*84 


6*40 


5-54 


600 


15*67 


17*96 


12-70 


10*37 


8*98 


205 


17-19 


377 


16-95 


3-35 


9-66 


1118 


7*91 


6*46 


5*59 


605 


15-73 


18*03 


12-75 


10-41 


9 01 


210 


17-39 


386 


17*29 


3*38 


9-76 


11-29 


7*99 


6-53 


5*65 


610 


15*79 


1810 


12-80 


10-45 


9-05 


215 


17-59 


395 


17-64 


3-41 


9-86 


11-40 


8*07 


6*59 


5-71 


615 


15*85 


18*17 


12*85 


10-49 


9-09 


220 


17-79 


404 


17*98 


3-44 


9*96 


11*51 


8*15 


6-65 


5-77 


620 


15*91 


18*24 


12*90 


10-53 


9*13 


225 


17-99 


413 


18-33 


3-47 


10-06 


11*62 


8*23 


6*71 


6*82 


625 


15-97 


18-31 


12*95 


10-57 


9*17 


230 


1819 


422 


18-67 


3-50 


10-15 


11*73 


8*31 


6-77 


5-87 


630 


16*03 


18*38 


13*00 


10*61 


9*20 


235 


18-39 


431 


19-02 


3-53 


10-24 


11*84 


8*39 


6*83 


6*92 


635 


1609 


18*45 


13*05 


10*65 


9*23 


240 


18-58 


440 


19-36 


3-56 


10-33 


11*95 


8-46 


6-89 


5-97 


640 


16*15 


18*51 


13*10 


10-69 


9*26 


245 


18-77 


449 


19-71 


3-59 


10-42 


12*05 


8*53 


6-95 


6-02 


645 


16-20 


18*57 


13 15 


10-73 


9-29 


250 


18-97 


458 


20-05 


3-61 


10-51 


12*15 


8*60 


7-01 


6-07 


650 


16-26 


18-63 


13*19 


10-77 


9*32 


255 


19-16 


467 


20*40 


3-63 


10*60 


12*25 


8*67 


7*07 


612 


655 


16*32 


18*70 


13*23 


10-80 


9*35 


260 


19-34 


476 


20*74 


3-66 


10-69 


12-35 


8*74 


7*13 


6-17 


660 


16-38 


18-77 


13-28 


10-84 


9*39 


265 


19-52 


485 


21*09 


3-69 


10-78 


12-45 


8*81 


7*19 


6-22 


665 


16*44 


18*83 


13-38 


10-88 


9*43 


270 


19-70 


494 


21*43 


3-72 


10*87 


12-55 


8*88 


7-25 


6-27 


670 


16*49 


18*90 


13*38 


10-92 


9*47 


275 


19-88 


503 


21*78 


3-74 


10*96 


12*65 


8*95 


7-31 


6-32 


675 


16*54 


18*96 


13-43 


10*96 


9*50 


280 


20-06 


512 


22-12 


3-77 


11*05 


12*75 


9-02 


7-37 


6-37 


680 


16-59 


19*03 


13*48 


11*00 


9-53 


285 


20-24 


521 


22*47 


3-80 


11*13 


12*85 


9*09 


7-43 


6-42 


685 


16-65 


19-10 


13-53 


11*04 


9-56 


290 


20-42 


530 


22-81 


3-82 


11*21 


12*95 


9*16 


7-49 


6-47 


690 


16*71 


19*17 


13-58 


11-08 


9*59 


295 


20-60 


539 


2316 


3-85 


11*29 


13*05 


9-23 


7-54 


6-52 


695 


16*77 


19*24 


13-62 


11-12 


9*62 


300 


20-78 


548 


23-50 


3*88 


11-37 


13*14 


9-29 


7-59 


6-57 


700 


16-83 


19-31 


13-66 


11-15 


9*65 


305 


20-95 


557 


23-85 


3-90 


11-45 


13-23 


9-35 


7*64 


6-61 


705 


16*88 


19*37 


13-70 


11*18 


9*68 


310 


21-12 


566 


24-19 


3*93 


11-53 


13-33 


9*42 


7*70 


6-66 


710 


16*94 


19*44 


13-74 


11*22 


9*72 


315 


21-29 


575 


24-54 


3*95 


11-61 


13-42 


9*48 


7*76 


6-71 


715 


16*99 


19-51 


13-79 


11*26 


9*76 


320 


21-46 


584 


24*88 


3-98 


11-69 


13*51 


9*55 


7*82 


6-76 


720 


17*05 


19-58 


13-83 


11-30 


9*79 


325 


21-63 


593 


25-23 


4*00 


11*77 


13*60 


9*61 


7*87 


6-81 


725 


17*10 


19-64 


13-88 


11*34 


9*82 


330 


21-80 


602 


25*57 


4-03 


11*85 


13*69 


9*68 


7*92 


6*86 


730 


17*16 


19-70 


13-92 


11*38 


9-85 


335. 


21-97 


611 


25*92 


4-05 


11*93 


13*78 


9-74 


7*97 


6-91 


735 


17-21 


19-76 


13*97 


11*42 


9*88 


340 


22-14 


620 


26-26 


4-07 


12*01 


18-87 


9*81 


8-02 


6-96 


740 


17-27 


19-82 


14*01 


11-46 


9*91 


345 


22-30 


629 


26*61 


4-10 


12*09 


13*96 


9*87 


8-07 


7-00 


745 


17-32 


19-88 


14*06 


11*49 


9*94 


350 


22-46 


638 


26*95 


4-12 


12*17 


14*05 


9*94 


8-12 


7-04 


750 


17*38 


19*94 


1410 


11*52 


9*97 


355 


22-61 


647 


27-30 


4-14 


12*25 


1414 


10*00 


8-17 


7-07 


755 


17-43 


20*00 


14-15 


11*55 


10-00 


360 


22-77 


656 


27*64 


4-16 


12-33 


14*23 


10*06 


8-22 


712 


760 


17*48 


20*07 


14*20 


11*59 


1003 


365 


22-93 


665 


27*99 


419 


12-41 


14-32 


10-12 


8-27 


7-17 


765 


17*54 


20*13 


14*24 


11-62 


10-06 


370 


23-09 


674 


28*33 


4*21 


12-49 


14-41 


10*18 


8*32 


7*22 


770 


17*59 


20*19 


14-28 


11-66 


10*09 


376 


23-24 


683 


28*68 


4-23 


12-57 


14-50 


10-24 


8*37 


7-26 


775 


lt-65 


20*25 


14*33 


11*69 


10*12 


380 


23*40 


692 


29-02 


4*26 


12-63 


14-59 


10-30 


8-42 


7-30 


780 


17*70 


20*31 


14-37 


11*73 


10*15 


385 


23-55 


701 


29-37 


4-28 


12-70 


14*68 


10-36 


8*47 


7-34 


785 


17*75 


20*37 


14*41 


11*76 


10-18 


390 


23-70 


710 


29*72 


4*31 


12-77 


14-76 


10-42 


8*52 


7-38 


790 


17*80 


20*43 


14*46 


11-80 


10-21 


395 


23*85 


719 


30-06 


4*35 


12-84 


14*84 


10-48 


8*57 


7-42 


795 


17*85 


20*49 


14*49 


11-83 


10-24 


400 


24-00 


728 


30-41 


4*37 


12*91 


14*92 


10-54 


8*62 


7-46 


800 


17*90 


20*55 


14*53 


11-87 


10-27 
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Dimensions of Parts of Land Engines, 













Land Enoinbs : — Depth of Web of Main Beam at Centre, in Incfaei 
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5i 
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H 
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H 


10 


lOi 


11 


21 


17-41 


18-11 


18-75 


19*36 


19*94 


20-48 


20*99 


21*47 


21-94 


22*39 


22-82 


23-24 


23*67 


24*02 


24*39 


21 


22 


17-95 


18-67 


19-33 


19*96 


20*56 


21-12 


21*64 


22*14 


22*62 


23-09 


23*53 


23*96 


24*45 


24*77 


25*15 


22 


23 


18-49 


19-23 


19-91 


20*56 


21*18 


21-76 


22*29 


22*81 


23*30 


23-78 


24*24 


24*68 


25-22 


25*52 


25*91 


23 


24 


19-03 


17-79 


20-49 


21*16 


21*80 


22-39 


22*94 


23*48 


23*98 


24-47 


24*95 


25*40 


25-99 


26*26 


26-67 


24 


25 


19-58 


20-36 


21-08 


21*77 


22*41 


23-02 


23*59 


24*14 


24-67 


25-16 


25*65 


26*12 


26-56 


27*00 


27*42 


25 


26 


20-08 


20-89 


21*64 


22*34 


23*00 


23*62 


24*21 


24*77 


25*31 


25-81 


2631 


26-80 


27-25 


27*70 


28*13 


26 


27 


20*60 


21*42 


22*19 


22*90 


23*58 


24*22 


24*82 


25*40 


25-95 


26*46 


26-97 


27-47 


27-94 


28*40 


28*84 


27 


28 


21'10 


21-95 


22*73 


23*46 


24*16 


24*81 


25*43 


26*02 


26*58 


27*11 


27-63 


28-14 


28-63 


29*10 


29*55 


28 


29 


21-61 


22*48 


23*27 


24-02 


24*74 


25*40 


26-04 


26*64 


27*21 


27*76 


28-29 


28-81 


29-32 


29*80 


30*26 


29 


80 


22-11 


22-99 


23*81 


24*58 


25*31 


25*99 


26-64 


27*26 


27*85 


28*41 


28-96 


29-50 


30-00 


30*49 


30-96 


30 


31 


22-59 


23-49 


24*34 


25*12 


25*87 


26*56 


27*22 


27*85 


28*46 


29-03 


29-61 


30-14 


30-65 


31*15 


31*63 


31 


32 


23-07 


23*99 


24-86 


25*65 


26*42 


27*12 


27*80 


28*44 


29*06 


29-65 


30-26 


30-78 


31-30 


31*81 


32*30 


32 


33 


23-55 


24-49 


25*37 


26*18 


26-96 


27*68 


28*37 


29*03 


29*67 


30-27 


30-91 


31-42 


31*95 


32*47 


32*97 


33 


34 


24-03 


24-99 


25*88 


26*71 


27*50 


28-24 


28*94 


29*62 


30-27 


30-89 


31-56 


32-06 


32-60 


33*13 


33-64 


34 


35 


24-50 


25-48 


26*39 


27*24 


28*04 


28-80 


29*52 


30-21 


30-87 


31-49 


32-10 


32-69 


33-24 


33*79 


34*31 


35 


36 


24-96 


25-96 


26*88 


27*75 


28*57 


29-34 


30-07 


30*78 


31-45 


32*08 


32-70 


33-30 


33-86 


34*42 


34*95 


36 


37 


25-41 


26-43 


27*37 


28*26 


29*10 


29-88 


30*62 


31-34 


32*03 


32*67 


33-30 


33-91 


34-48 


35*05 


35*59 


37 


38 


25-87 


26-90 


27*86 


28*77 


29*62 


30-42 


31*17 


31-90 


32*61 


33-26 


33-90 


34-52 


35-10 


35*68 


36*23 


38 


39 


26-32 


27-37 


28*35 


29*28 


30*14 


30*96 


31-72 


32*46 


33*18 


33*85 


34-50 


35-13 


35*72 


36*31 


36*87 


39 


40 


26-78 


27*85. 


28*84 


29*78 


30*66 


31*49 


32*27 


33*02 


33*75 


34*42 


35-09 


35-73 


36*34 


36*94 


37*51 


40 


41 


27-22 


28*31 


29*32 


30*27 


31*17 


32*01 


32*80 


33*56 


34*30 


34*99 


35-67 


36-32 


36*94 


37*55 


38*13 


41 


42 


27*66 


28*76 


29*79 


30*76 


31*67 


32*53 


33*33 


34*10 


34*85 


35*55 


36-24 


36-91 


37*54 


38*15 


38*74 


42 


43 


28-10 


29*21 


30*26 


31*25 


32*17 


33*05 


33*85 


34*64 


35*40 


36*11 


36-81 


37-49 


38*13 


38*75 


39*35 


43 


44 


28-54 


29*66 


30*73 


31*73 


32*67 


33*56 


34*38 


35*18 


35*95 


36*67 


37-38 


38-07 


38*73 


39*35 


39*96 


44 


45 


28-97 


30-12 


31*20 


32*21 


33*16 


34-06 


34*90 


35*71 


36*50 


37*23 


37-95 


38-65 


39*31 


39*95 


40*57 


45 


46 


29-40 


30-56 


31*66 


32*68 


33-65 


34-56 


35*41 


36*23 


37*03 


37*78 


38-51 


39*22 


39*89 


30*54 


41*17 


46 


47 


29-82 


31*00 


32*11 


3315 


34*13 


35-06 


35*92 


36*75 


37*56 


38*32 


39-07 


39*78 


40*46 


31*12 


41*76 


47 


48 


30-24 


31*44 


32*56 


33-62 


34*61 


35-55 


36*43 


37*27 


38*09 


38*86 


39-62 


40*34 


41*02 


31*70 


42*35 


48 


49 


30-66 


31*88 


33*01 


34-09 


35*09 


36-04 


36*94 


37*79 


38*62 


39*40 


40-17 


40*90 


41*59 


32*28 


42*94 


49 


SO 


31-08 


32*32 


33*47 


34-55 


35*57 


36*53 


37*44 


38*31 


39*16 


39*94 


40*72 


41*46 


42*17 


42*86 


43*52 


50 


51 


31-49 


32*75 


33-91 


35-01 


3604 


37-05 


37*94 


38*82 


39*67 


40*47 


41*26 


42*01 


42*73 


43*42 


44*09 


51 


52 


31-90 


33*17 


34*35 


35-47 


36*51 


37-57 


38*43 


39*32 


40*18 


41*00 


41*80 


42*55 


43*28 


43-98 


44*66 


52 


53 


82-31 


33*59 


34*79 


35*92 


36*97 


38*09 


38*92 


39*82 


40*69 


41*52 


42*33 


43*10 


43*83 


44-54 


45*23 


53 


54 


32-72 


34*01 


35*23 


36*37 


37*43 


38-61 


39*41 


40*32 


41*20 


42*04 


42-86 


43*64 


44*38 


45-10 


45-80 


54 


55 


33-12 


34*43 


35*66 


36-82 


37*90 


39-13 


39*90 


40*83 


41*72 


42*56 


43-39 


44*18 


44*93 


45-67 


46-38 


55 


56 


33-52 


34*84 


36*09 


37-26 


38*36 


39-56 


40*38 


41*32 


42*22 


43*07 


43-91 


44*71 


45*47 


46-22 


46-94 


56 


57 


33-92 


35*25 


36*52 


37-70 


38*81 


39-99 


40*86 


41*81 


42*72 


43-58 


44*43 


45*24 


46*01 


46-77 


47-50 


57 


58 


34-31 


35*66 


36*94 


38-14 


39*26 


40-42 


41*33 


42*30 


43*21 


44-09 


44*95 


45*77 


46*55 


47-32 


41*05 


58 


59 


34-70 


36*07 


37-36 


38*58 


39*71 


40-85 


41*80 


42*78 


43*70 


44-60 


45*47 


46*30 


47*09 


47*86 


48*60 


59 


60 


35-10 


36*49 


37*79 


39*02 


40*17 


41*26 


42*28 


43*26 


44*21 


45-10 


45*98 


46*82 


47*62 


48*40 


49*15 


60 


61 


35-49 


36*89 


38-21 


39-45 


40*61 


41-71 


42*75 


43*74 


44*70 


45-60 


46*49 


47*34 


48*14 


48*93 


49*69 


61 


62 


35-87 


37*29 


38*63 


39-88 


41*05 


42-16 


43*22 


44*22 


45*19 


46-10 


47*00 


47*85 


48*66 


49*46 


50*23 


62 


63 


35-26 


37*69 

• 


39-04 


40-81 


41*49 


42-61 


43*68 


44*69 


45*68 


46-59 


47*50 


48*36 


49*18 


49*99 


50*77 


63 


64 


85-64 


38*09 


39*45 


40-74 


41-93 


43-06 


44*14 


45*16 


46*17 


47-08 


48*00 


48*87 


49*70 


50*52 


51*31 


64 


65 


37-02 


38*49 


89*86 


41-16 


42*37 


43-52 


44*60 


45*63 


46*64 


47-57 


48*50 


49*39 


50*23 


51*05 


51*84 


65 


66 


37-40 


38*88 


40*27 


41-58 


42*80 


43-97 


45*06 


46*10 


47*12 


48-06 


49*00 


49*89 


50*74 


51*57 


52*37 


66 


67 


37-78 


39*27 


40*68 


42-00 


43*23 


44-41 


45*51 


46*57 


47*59 


48-55 


49*49 


50*39 


51*25 


52*09 


52*80 


67 


68 


38-16 


39*66 


41*09 


42-42 


43*66 


44-85 


45*96 


47*03 


48-06 


49-03 


49*98 


50*89 


51*76 


52*60 


53*33 


68 


69 


38-53 


40*05 


41*49 


42-83 


44-09 


45-29 


46*41 


49*49 


48-53 


49-51 


50*47 


51*39 
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20*42 


20*96 


21-48 


21-98 


22*46 


22-94 


23*36 


23*79 


24-21 


24*61 


24-99 


86 


87 


17-98 


18-6« 


19-36 


19-99 


20-58 


21*12 


21-65 


22-15 


22*64 


23-12 


23-54 


23*98 


24-40 


24*80 


25-18 


87 


88 


18-12 


18-83 


19-51 


20-15 


20-74 


21*28 


21-82 


22-32 


22*82 


23-30 


23*72 


24*17 


24-59 


24-99 


25-37 


88 


89 


18-26 


18-98 


19-66 


20*31 


20-90 


21*45 


21-99 


22-50 


23*00 


23*47 


23*91 


24*36 


24-78 


25-18 


25-57 


89 


90 


18-40 


19-13 


19-81 


20-45 


21-06 


21*62 


2216 


22*68 


23*18 


23-64 


24-10 


24*54 


24-96 


25*37 


25-76 


90 


91 


18-53 


19-26 


19-95 


20-59 


21-21 


21*77 


22-33 


22*85 


23*35 


23*81 


24*27 


24*71 


25-14 


25-56 


25*95 


91 


92 


18-66 


19*40 


20-09 


20-74 


21-36 


21*92 


22-50 


23*02 


23*52 


23*98 


24*44 


24*89 


25-32 


25-75 


26*14 


92 


93 


18-79 


19-54 


20-23 


20-89 


21-51 


22*08 


22*66 


23*19 


23*69 


24-15 


24*61 


25*07 


25-50 


25*94 


26*33 


93 


94 


18-92 


19-68 


20-37 


21-04 


21-66 


22*24 


22*82 


23*36 


23*86 


24*32 


24*78 


25*25 


25-68 


26*13 


26*52 


94 


95 


19-05 


19-82 


20-51 


21-19 


21-81 


22*40 


22-98 


23-53 


24*03 


24-49 


24*95 


25*43 


25-86 


26*31 


26*71 


95 


96 


19-18 


19-96 


20-65 


21-34 


21-96 


22*56 


2314 


23-69 


24*20 


24-66 


25*12 


25*61 


26*04 


26-49 


26*90 


96 


97 


19-32 


20-10 


20-80 


21-49 


21*11 


22*72 


23-30 


23-85 


24*37 


24-83 


25*30 


25*79 


26*22 


26-67 


27-09 


97 


98 


19-46 


20-24 


20-95 


21-64 


21-27 


22*88 


23-46 


24-01 


24*54 


25-00 


25*48 


25-97 


26*40 


26*85 


27-28 


98 


99 1 


19*60 


20-38 


21-10 


21-79 


21-43 


23*04 


23-62 


24-17 


24*70 


25-18 


25*66 


26-15 


26*58 


27*03 


27-46 


99 


100 1 


W-74 


20-52 


21-25 


21*94 


22*59 


23-20 


23*78 


24-33 


24-86 


25-36 


25-85 


26*33 


26*78 


27-21 


27-64 


100 
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Dimensiofu of Parts of Land and Marine Engines. 












% 

21 










Lame 


» AND Maumb Bmoinu. Content of the Feed Pump in Cubic Inches. 






2 


H 


8 


^ 


4 


H 


5 


H 


6 


6i 


7 


n 


8 


^ 


9 


Diamei 

" Cylind 

Inch 


29-57 


37-08 


44-50 


51-91 


59-33 


66-75 


74-17 


81-58 


89-00 


96-41 


103*83 


111-25 


128-66 


126*08 


133-50 


21 


22 


32-60 


40-83 


49-00 


57-16 


65-33 


73-50 


81-67 


89*83 


98-00 


106-16 


114-33 


122-50 


150-66 


138*83 


147-00 


22 


23 


35-60 


44-58 


53-50 


62-41 


71-33 


80-25 


89-17 


98*08 


107-00 


115*91 


124-83 


133-75 


172-67 


151-58 


160-50 


23 


24 


38-67 


48-33 


58-00 


67-66 


77-33 


87-00 


96-67 


106-33 


116-00 


125-66 


135-33 


145*00 


184-67 


164-33 


174-00 


24 


25 


41-67 


52-08 


62-50 


72-92 


83-33 


93-75 


104-17 


114-58 


125-00 


135-42 


145-83 


156-25 


166-67 


177-08 


187*50 


25 


26 


45-33 


56-66 


68-00 


79-33 


90-66 


102-20 


113-33 


124-66 


136-00 


147-33 


158-66 


17000 


181-33 


192-66 


204-00 


26 


27 


48-99 


61-24 


73-50 


85-74 


97-99 


110-65 


122-49 


134-74 


147-00 


159-24 


171-49 


183-75 


195-99 


208-24 


220-50 


27 


28 


52-66 


65-82 


79-00 


92-15 


105-32 


119-10 


131-65 


144-82 


158*00 


171-15 


184-32 


197-50 


210*65 


223-82 


237-00 


28 


29 


56-32 


70-40 


84-50 


98-56 


112-65 


127-55 


140*81 


154-90 


169*00 


183*06 


197-15 


211-25 


225-31 


239-40 


253*50 


29 


SO 


60-00 


75-00 


90-00 


105-00 


120-00 


135-00 


150-00 


165-00 


180-00 


195-00 


210-00 


225-00 


240-00 


255-00 


270-00 


30 


31 


64-.^3 


80-41 


96-50 


112-58 


128*66 


144-75 


160-83 


176-91 


193-00 


209-08 


225-16 


241-24 


257-33 


273-41 


289-50 


31 


32 


68-66 


85-82 


103-00 


120-16 


137-32 


154-50 


171-66 


188-82 


206-00 


223-16 


240-32 


257-48 


274*66 


291-82 


30900 


32 


S3 


72-99 


91-23 


109-50 


127-74 


145-98 


164-25 


182*49 


200-73 


219-00 


237-24 


255-47 


273-72 


291*99 


310-23 


328-50 


33 


34 


77-33 


96-64 


116-00 


135-32 


154-64 


174-00 


193-32 


212-64 


232-00 


251-32 


270-63 


289-96 


309-32 


328-64 


34800 


34 


35 


81-67 


102-09 


122-51 


142-93 


163-34 


183-75 


204-17 


224-59 


245-00 


265-42 


285-83 


306-24 


326-65 


347-06 


867-50 


35 


36 


86-67 


108-33 


130-00 


147-67 


173-33 


195-00 


216-67 


238-33 


260-00 


281-66 


803-33 


324-99 


346-65 


368-31 


390-00 


36 


37 


91-67 


114-57 


137-49 


152-41 


183-32 


206-25 


229-17 


252-07 


275-00 


297-90 


320-83 


343-74 


366-65 


389-56 


412-50 


37 


38 


96-68 


120-81 


144-98 


157-15 


193-31 


217-50 


241-68 


265-81 


290-00 


314-14 


338-33 


362-49 


386-66 


410-81 


435-00 


38 


39 


101-68 


127-06 


152-47 


161-89 


203-30 


228-75 


254-18 


279-55 


305-00 


330*38 


355-83 


381-24 


406*66 


432-06 


457-50 


39 


40 


106-68 


133-33 


160-00 


166-66 


213-33 


240-00 


266-68 


293-33 


320-00 


346*66 


373-33 


400-00 


426-66 


453-33 


480*00 


40 


41 


112-34 


140-41 


168-50 


176-57 


224-66 


252-75 


280-84 


308-91 


337-00 


365*08 


393-16 


421-25 


449-32 


477-41 


505-50 


41 


42 


118-00 


147-49 


177-00 


186-48 


235-99 


265-50 


295-00 


324-49 


354-00 


383-49 


412-99 


442-50 


471-98 


501-49 


531*00 


42 


43 


123-66 


154-57 


185-50 


196-39 


247-32 


278-50 


309-16 


340-07 


371*00 


401-90 


432-82 


463-75 


494-64 


525-57 


556*50 


43 


44 


129-32 


161-65 


194-00 


206-30 


258-65 


291-25 


323-32 


355-65 


388-00 


420-31 


452-65 


485*00 


517-30 


549-65 


582-00 


44 


45 


135-00 


168-75 


202-50 


236-25 


270-00 


303-75 


337-50 


371-25 


405-00 


438-75 


472-50 


506-25 


540-00 


573-75 


607-50 


45 


46 


141-33 


176-66 


212-00 


247-33 


282-66 


318-00 


353-33 


388-66 


424-00 


459*33 


494-66 


530-00 


565-33 


600*66 


636-00 


46 


47 


147-66 


184-57 


221-50 


258-41 


295-32 


332-25 


369-16 


406-07 


443-00 


479-91 


516-82 


553-75 


590-66 


627-57 


664-50 


47 


48 


153-99 


192-48 


231-00 


269-49 


307-98 


346-50 


384-99 


423-48 


462*00 


500*49 


538-98 


577-50 


615-99 


654-48 


693-00 


48 


49 


160-33 


200-39 


240-50 


270-57 


320-64 


360-75 


400-82 


440-89 


481*00 


521-07 


561-14 


601-25 


641-32 


681-39 


721-50 


49 


50 


166-67 


208-33 


250-00 


291-67 


333-33 


375-00 


416-67 


458-33 


500*00 


541-67 


583-33 


625-00 


666-67 


708-33 


750-00 


50 


51 


173-60 


217-08 


260-50 


303-92 


347-33 


390-75 


434-17 


477-58. 


521-00 


564-42 


607-83 


651-25 


694-67 


738-08 


781-50 


51 


52 


180-61 


225-83 


271-00 


316-17 


361-33 


406-50 


451-67 


496-83 


542*00 


58717 


632-33 


677-50 


722-67 


767-83 


813-00 


52 


53 


187-64 


234*58 


281-50 


328-42 


375-34 


422-25 


469-18 


516-08 


563*00 


609-92 


656-83 


703-75 


750-67 


797-58 


844-50 


53 


54 


194-66 


243-33 


292-00 


340-67 


389-34 


438-00 


486-68 


535-33 


584-00 


632-67 


681-34 


730-00 


778*68 


827-33 


876-00 


54 


55 


201-67 


252-09 


302-51 


352-93 


403-35 


453-77 


504-19 


554-60 


605-01 


655-42 


705-84 


756-26 


806-68 


857-09 


907-50 


55 


56 


209-33 


261-67 


314-00 


366-34 


418-68 


471-01 


520-35 


575-68 


628-01 


680-33 


732-67 


785-00 


837-34 


889-67 


942-00 


56 


57 


216-99 


271-25 


325-49 


379-75 


434-01 


488-25 


539-51 


596*76 


651-01 


705-24 


759-50 


813-74 


868-00 


922-25 


976-50 


67 


58 


224-66 


280-53 


336-98 


393-16 


449-34 


505-49 


558-67 


617-84 


674-01 


730-15 


786-35 


842-48 


898-66 


954-83 


1011-00 


58 


59 


232-32 


290-11 


348-47 


406-57 


464-67 


522-73 


577-83 


638-92 


697*01 


755-06 


81318 


871-22 


929-32 


987-41 


1045-50 


59 


60 


240-00 


300-00 


360-00 


420-00 


480-00 


540-00 


600-00 


660-00 


720*00 


780-00 


840-00 


900*00 


960-00 


1020*00 


1080-00 


60 


61 


248-33 


310-41 


372-50 


434-58 


496*66 


558-75 


620-83 


682-91 


745*00 


807-08 


869-17 


931-25 


993-34 


1055.40 


1117-50 


61 


62 


256-66 


320-82 


385-00 


449-16 


513-32 


577-50 


641-66 


705-82 


770*00 


834-16 


898-34 


962-50 


1026-68 


1090-80 


1155-00 


62 


63 


264-99 


331-23 


397-50 


463-74 


529-96 


596-25 


662-49 


728-73 


795*00 


861-24 


917-51 


993-75 


1060*02 


1126-20 


1192-50 


63 


64 


273-32 


341-64 


410-00 


478-32 


546-62 


615-00 


683-32 


751-64 


820-00 


888*32 


946-68 


102500 


1093*36 


1161-60 


1230-00 


64 


65 


281-67 


352-09 


422-51 


492-93 


563-34 


633-76 


704-18 


774-59 


845*01 


915-43 


985-85 


1056-27 


1126-70 


1197-04 


1267-50 


65 


66 


290-33 


362-97 


435-62 


508-26 


580-66 


653-30 


725-94 


798-58 


871*24 


943-88 


1016-52 


1089-16 


1161-32 


1233-96 


1306*86 


66 


67 


299-13 


374-02 


448-92 


523-81 


598-26 


673-38 


748-27 


823*16 


897-84 


972-74 


1047-64 


1122-54 


1196-52 


1271-42 


1346*76 


67 


68 


308-06 


385-24 


462-42 


539-60 


616-12 


693-63 


770-81 


847-99 


924-84 


1002-02 


1079-20 


1156-38 


1232*24 


1309-42 


1387*26 


68 


69 


317-12 


346-62 


476-12 


505-62 


634-24 


714-18 


743-68 


873-18 


952-24 


1031-30 


1110-36 


1189-42 


1268-48 


1348-42 


1428-36 


69 


70 


326-67 


408-33 


489-99 


571-67 


653-33 


734-99 


816-66 


898-33 


979-99 


1061-66 


1143-33 


1224-99 


1306-66 


1388-33 


1470-00 


70 


71 


336-07 


420-08 


504-09 


588-11 


672-14 


756-13 


840-15 


924-17 


1008-18 


1092-20 


1176-22 


1260-24 


1344-28 


1428-28 


1512-27 


71 


72 


345-60 


432-08 


518-49 


604-84 


691-20 


777-73 


864-15 


950-57 


1036-98 


1123-35 


1209-72 


1296-09 


1382-40 


1468-93 


1555-47 


72 


73 


355-26 


444-12 


532-99 


621-75 


710-52 


799-48 


888-31 


977-14 


1065-98 


1154-74 


1243-50 


1332-26 


1421-04 


1510-00 


1598*97 


73 


74 


365-06 


456-37 


547-69 


638-90 


730-12 


821-53 


912-81 


1004-09 


1095-38 


1186-59 


1277-80 


1369-01 


1460-24 


1551*65 


1643-07 


74 


75 


375-00 


468-75 


562-50 


656-25 


750-00 


843-75 


937-50 


1031-25 


1125*00 


1218-75 


1312*50 


1406-25 


1500-00 


1593-75 


1687-50 


75 


76 


385-06 


481-33 


577-60 


673-86 


770-12 


866-40 


962*68 


1058-96 


1155*20 


1251-46 


1347-72 


1443-98 


1540-24 


1636-52 


1732-80 


76 


77 


395-25 


494-07 


592-90 


691-70 


790-50 


889*35 


988-17 


1086-99 


1185-80 


1284-60 


1383-40 


1482*20 


1581-00 


1679*85 


1778-70 


77 


78 


405-58 


506-99 


608-40 


709-78 


811*16 


912*60 


1014*00 


1115-40 


1216-80 


1318*20 


1419*60 


1521*00 


1622-32 


1723-76 


1825-20 


78 


79 


416-04 


520-07 


624-10 


728-09 


832-08 


936-15 


1040-17 


1144-19 


1248-20 


1352-19 


1456*18 


1560*17 


1664-16 


1768-23 


1872-30 


79 


80 


426-72 


533-33 


640-00 


666-66 


853*33 


960-00 


1066-72 


1173-33 


1280-00 


1386-66 


1493*33 


1600-00 


1706-66 


1813-33 


1920*00 


80 


81 


437-44 


546-77 


656-10 


765-42 


874-88 


984-15 


1093-55 


1202-87 


1312-20 


1421-54 


1530-84 


164016 


1749-76 


1850*08 


1968*30 


81 


82 


448-29 


560-35 


672-40 


784-40 


896-58 


1008-60 


1120-71 


1232-75 


1344-80 


1456-80 


1568*81 


1680-98 


1793-16 


1905-18 


2017*20 


82 


83 


459-28 


574-10 


688-90 


803-42 


918-56 


1033-35 


1148-20 


1263-00 


1377-80 


1492*52 


1607-25 


1722-18 


1837*12 


1951-93 


2066*70 


83 


84 


470-40 


588-01 


705-60 


823-07 


940-80 


1058-40 


1176-02 


1293-61 


1411-20 


1528-67 


1646-15 


1763-87 


1881*60 


1999-20 


2116-80 


84 


85 


481-67 


602-08 


722-50 


842-91 


963-33 


1083-74 


1204-15 


1324-56 


1445-00 


1565-41 


1685-83 


1706*24 


1926-67 


2047-08 


2167-50 


85 


86 


493-05 


616-31 


739-60 


862-83 


986-10 


1109-40 


1232-63 


1355-91 


1479-20 


1602-43 


1725*66 


1848-93 


1972*20 


2095-50 


2218-80 


86 


87 


504-57 


630-72 


756-90 


882-97 


1009-14 


1135-35 


1261*45 


1387-62 


1513-80 


1639-87 


1765-95 


1892-11 


2018-28 


2144-49 


2270-70 


87 


88 


516-22 


645-30 


774-40 


903-35 


1032-44 


1161-60 


1290 r.o 


1419-70 


1548-80 


1677-75 


1806*71 


1935-79 


2064-88 


2194-04 


2323-20 


88 


89 


528-00 


660-04 


792-10 


923-96 


1056-00 


1188-15 


1320-09 


1452-14 


1584-20 


1716-06 


1847-93 


1979*96 


2112-00 


2244-15 


2376-30 


89 


90 


540-00 


675-00 


810-00 


945-00 


1080-00 


1215-00 


1350-00 


1485-00 


1620-00 


1755-00 


1890-00 


2025*00 


2160-00 


2295-00 


2430-00 


90 


91 


552-05 


690-07 


828-10 


966-07 


1104-10 


1242*15 


1380-15 


1518-17 


1656-20 


1794-17 


193215 


2070-17 


2208-20 


2346-25 


2484-30 


91 


92 


564-23 


705-32 


846-40 


987-38 


1128-46 


1269-60 


1410-64 


1551-73 


1692*80 


1833-78 


1974*77 


2115-84 


2256-92 


2398-06 


2539-20 


92 


93 


576-55 


720-73 


864-90 


1008-93 


1153-10 


1297-35 


1441-46 


1585-63 


1729*80 


1873-83 


2017*86 


2162-03 


2306-20 


2450-45 


2594-70 


93 


94 


588-97 


736-30 


883-60 


1030-70 


1177 94 


1325-40 


1472*61 


1619-90 


1767-20 


1914-30 


2061-41 


2208*64 


2355-88 


2503-34 


2650-80 


94 


95 


601-66 


75207 


902-49 


1052-90 


1203-33 


1353-74 


1504*16 


1654-58 


1805*00 


1955-41 


2105-82 


2256-24 


2406-67 


2557-08 


2707-50 


95 


96 


614-26 


767-99 


921-59 


1075-15 


1228-52 


1382-38 


1535*98 


1689-58 


1843-18 


1996*74 


2150-30 


2303-67 


2457*04 


2610*90 


2764-77 


96 


97 


626-99 


784-07 


940-89 


1097-62 


1253-98 


1411-33 


1568*14 


1724-96 


1881-78 


2038*51 


2195-25 


2351-60 


2507-96 


2665-31 


2822-67 


97 


98 


639-85 


800-31 


i 960-39 


1120-33 


1279-70 


1440-58 


1600*63 


1760-70 
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76 


77 


19-98 




20-84 


21-39 


21-90 


23-28 


32-64 


23-33 




24-39 


24-79 


35-20 


35-66 


26-12 


26-59 


77 


78 


ao-31 


30-65 


91-07 


21-63 


2215 


22-61 


33-85 


33-45 


24-09 


34-52 


24-93 


35-44 


25-90 


36-37 


2G-85 


78 


79 


SO'44 


30-88 




21-87 


23-40 


22-73 




S3-67 


24-28 


24-75 


25-33 


25-G8 


26-14 




27-10 




80 


30-67 


21-11 




32-10 


33-65 


33-96 


33-26 


23-89 


24-51 


94-99 


35-47 


25-92 


26-39 




27-39 




Bl 


30-91 


21-35 


21-78 


22-33 




23-20 


23-93 


24-13 


24-74 


25-32 


35-70 


36-15 


26-63 


27-10 


27-99 




sa 


31-15 


31-59 


aa-oa 


23-56 


B3-09 


23-43 


33-77 


34-38 


34-98 


35-46 


25-94 


2B-39 




27-34 


37-83 




83 


31-40 


ai-83 


aa-a5 


23-79 


23-31 


33-67 


34-02 


24-62 




25-69 


26-17 


26-62 


27-11 


37-58 


38-07 


83 


84 


31-64 




32-49 


33-03 


33-53 


33-91 


24-28 


24-87 




95-93 


26-41 


36-86 


27-35 


27-82 


28-31 


84 


AS 


31-89 


22-30 


23-73 


23-25 


33-75 


34-15 


34-54 


25-11 


35-68 


26-16 


26-64 


27-10 


37-59 


28-06 


28-95 


95 


86 


aa-ia 


32-54 


33-95 


23-48 


33-97 


24-39 




35-36 


35-91 


26-39 


36-68 


37-34 




28-30 


38-79 


96 


87 


aa-37 


33-78 




33-70 


24-19 


34-63 




35-60 


26-14 


36-63 


27-11 


37-58 


29-07 


38-54 




B7 


88 


93-61 


2303 




23-93 


34-41 


34-87 


25-32 


35-84 


36-37 


36-85 


27-35 


27-82 


39-31 




29-37 




89 


33-85 


23-28 


23-65 








25-58 


26-09 


36-60 




27-59 


28-06 


28-55 




39-51 


89 


»0 


a3-09 


23-49 


23-89 




34-84 


25-34 


95-84 


26-34 


2684 




27-92 


38-30 


28-79 


39-36 


29-74 


90 


91 


E3-33 


33-73 


34 19 


34-S9 


25-07 


25-67 


36-07 


36-57 


27-07 


27-56 


28-05 


38-53 


29-03 


29-49 


29-97 


31 


93 


S3-57 


33-97 


34-36 


34-82 


35-30 


35-80 


96-30 






a7-79 


28-23 


28-77 


99-26 


29-73 


30-31 


92 


93 


33-81 




24-59 


25-05 


25-54 


36-03 


26-53 


27-03 


37-53 


28-03 


28-53 


29-00 


23-50 


29-96 


30-45 




94 


94-09 






25-28 


25-77 


26-26 


26-76 




37-76 


28-96 


38-75 


39-34 


39-73 


30-20 


30-63 


94 


99 


34-39 


34-68 


25-06 


25-52 


26-00 


26-49 


36-99 


37-49 


37-99 


28-49 


38-98 




23-97 


30-44 




35 


96 


34-53 


34-93 


35-30 


25-76 


2B-S3 


86-73 


37-39 


37-73 


28-22 


39-73 




29-71 


30-20 


30-67 


31-16 




97 


34-77 


S5-18 


35-53 


36-00 


36-46 


36-96 


27-45 


37-95 


28-45 




39-44 


39-94 


30-43 


30-91 


31-40 




98 


35-01 


25-40 


35-77 


26-24 


36-69 




27-68 


28-18 


28-68 




39-67 


30-17 


30-66 


31-14 


31-64 




99 


as-35 


as-64 


26-01 


26-48 


26-92 






28-42 




29-41 


29-90 


30-40 




31-38 


31-89 




too 


35-50 


25-97 


S6-25 


36-70 


27-16 


27-65 


38-19 


28-65 


29-15 


39-65 


30-15 


80-64 


31-13 


31-61 


33-10 


lOO 
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Laud ENamn. ThtckiMM of Crank at Centre of FI7 Wheel Shaft when of Cast Iron, in Incbet. 








iii 






































/ Strata 


2 


2i 


3 


H 


4 


H 


5 


H 


6 


6i 


7 


H 


8 


8* 


9 


4^ 


so 


3-30 


3*40 


3*51 


3*77 


4*03 


4*20 


4*86 


4*49 


4*62 


4*74 


4*86 


4*97 


5*07 


5*18 


5*27 


20 




21 


3*44 


3*54 


3*65 


3*91 


4*17 


4*84 


4*50 


4*64 


4*77 


4*89 


5*02 


5*18 


5*23 


6*85 


5*44 


21 




22 


3-58 


3*68 


3*80 


4*05 


4*31 


4*48 


4*64 


4*79 


4*92 


5*04 


5*16 


5*29 


5*39 


5*52 


5*61 


22 




23 


3-72 


3*82 


3*94 


4*19 


4*45 


4*62 


4*78 


4*94 


5*07 


6*19 


5*38 


5*45 


5*55 


5*68 


5*78 


28 




24 


3*86 


3*96 


409 


4*33 


4*59 


4*76 


4*92 


5*09 


5*22 


6*34 


5*48 


5*61 


6*71 


5*84 


5*95 


24 




25 


4-00 


4*10 


4*23 


4*47 


4*72 


4*90 


506 


5*23 


5*87 


5*49 


5*63 


6*77 


5*87 


6*00 


6*12 


25 




26 


4*14 


4*24 


4*38 


4*61 


4*85 


5*04 


5*20 


5*87 


5*52 


5*64 


6*78 


5*93 


6*03 


6*16 


6*29 


26 




27 


4-28 


4*38 


4*52 


4*75 


4*98 


5*18 


5*84 


5*51 


5*66 


6*79 


6*98 


6*08 


6*19 


6*32 


6*45 


27 




28 


4*42 


4*53 


4*66 


4*89 


5*11 


5*31 


5*48 


5*65 


5*80 


5*94 


6*08 


6*23 


6*35 


6*48 


6*61 


28 




29 


4*55 


4*67 


4*80 


5*03 


5*24 


5*44 


5*62 


6*79 


5*94 


6*09 


6*28 


6*38 


6*51 


6*64 


6-77 


29 




30 


4-68 


4*82 


4-95 


516 


5-37 


5*57 


5*77 


5*93 


6-08 


6*23 


6*38 


6-53 


6*67 


6*80 


6*93 


30 




81 


4-78 


4*92 


5*07 


5*28 


5*50 


5*70 


5*89 


6*06 


6-22 


6*37 


6*52 


6*68 


6*82 


6*95 


708 


81 




32 


4-87 


5*03 


5*19 


5*40 


5*63 


5*83 


6*02 


6*19 


6*86 


6*51 


6*66 


6*83 


6*97 


7*10 


7*23 


32 




83 


4-97 


5*13 


5*30 


5*52 


5*76 


5*96 


6*14 


6*82 


6*50 


6*65 


6*80 


6*97 


7*12 


7*25 


7*38 


38 




34 


5-06 


5*24 


5*42 


5*64 


5*88 


609 


6*27 


6*45 


6*64 


6*79 


6*94 


7*11 


7*27 


7*40 


7*53 


34 




35 


5-16 


5*34 


5*53 


5*76 


6*00 


6*21 


6*89 


6*58 


6*77 


6*93 


7*08 


7*25 


7*41 


7*55 


7*68 


85 




36 


5*25 


5*45 


5*65 


5*88 


6*12 


6*88 


6*52 


6*71 


6-90 


7*07 


7*22 


7*39 


7*55 


7*70 


7*83 


36 




37 


5-35 


5*55 


5*76 


600 


6*24 


6*45 


6*64 


6*84 


7-08 


7*21 


7*36 


7*53 


7*69 


7*85 


7-97 


37 




38 


5*44 


5*66 


5*88 


6*12 


6*36 


6*57 


6*77 


6-97 


7*16 


7*84 


7*50 


7*67 


7*83 


7*99 


8*11 


88 




39 


5-53 


5*76 


6*00 


6*24 


6*48 


6*69 


6*89 


7-10 


7*29 


7*47 


7*64 


7*81 


7-97 


8*18 


8*25 


39 




40 


5-62 


5*87 


6*12 


6*36 


6*60 


6*81 


7*02 


7*22 


7*42 


7*60 


7*78 


7*95 


8*11 


8*27 


8*89 


40 




41 


5-73 


5*98 


6*23 


6*48 


6*72 


6*92 


7*12 


7*82 


7*58 


7*72 


7*91 


8*09 


8*26 


8*42 


8*54 


41 




42 


5-85 


6*10 


6*35 


6*60 


6*84 


7*03 


7*21 


7*42 


7*64 


7*84 


8*04 


8*23 


8*41 


8*57 


8*68 


42 




43 


5*96 


6*21 


6*47 


6*72 


6*98 


7*14 


7*31 


7*52 


7-76 


7*96 


8*17 


8*36 


8*56 


8*72 


8*82 


43 




44 


6-08 


6*33 


6*59 


6*83 


7*08 


7*25 


7*40 


7*68 


7*86 


8*08 


8*30 


8*49 


8*71 


8*86 


8*96 


44 




45 


6-20 


6*45 


6*71 


6-95 


7*20 


7*36 


7*50 


7*78 


7-97 


8*20 


8*43 


8*68 


8*86 


9*00 


9*10 


45 




46 


6*31 


6*56 


6*83 


7*07 


7*32 


7*47 


7*59 


7*83 


8-08 


8*82 


8*56 


8*77 


9*01 


9*14 


9*24 


46 




47 


6-43 


6*67 


6*95 


7*19 


7*44 


7*58 


7*69 


7*93 


8-18 


8*44 


8*69 


8*91 


9*16 


9*28 


9*38 


47 




48 


6-54 


6*79 


7*07 


7*31 


7*56 


7*68 


7*78 


8*08 


8-28 


8*56 


8*82 


9*05 


9*30 


9*42 


9*52 


48 




49 


6*66 


6*91 


7*19 


7*42 


7*67 


7*78 


7*88 


8*18 


8*88 


8*67 


8*95 


9*19 


9*44 


9*56 


9*66 


49 




50 


6*78 


7*04 


7*30 


7*54 


7*78 


7*88 


7*97 


8*23 


8*48 


8*78 


9*08 


9*38 


9*58 


9*70 


9*81 


50 




51 


6*89 


7*15 


7*42 


7-66 


7*90 


8*01 


811 


8*37 


8*62 


8*92 


9*21 


9*46 


9*70 


9*83 


9*95 


51 




52 


6*99 


7*26 


7*53 


7*77 


8*02 


8*14 


8*26 


8*52 


8*76 


9*06 


9*84 


9*57 


9*82 


9*96 


10*09 


52 




53 


7*10 


7*37 


7*65 


7*89 


8*14 


8*27 


8*40 


8*66 


8-90 


9*20 


9*47 


9*69 


9-94 


10*09 


10*22 


53 




54 


7-20 


7*48 


7*76 


8*00 


8*26 


8*40 


8*55 


8*81 


9*05 


9*84 


9*60 


9*81 


10*06 


10*21 


10*35 


64 




55 


7*31 


7*59 


7*88 


8*12 


8*38 


8*53 


8*69 


8*^5 


919 


9*47 


9*78 


9*98 


1018 


10*33 


10*48 


65 




56 


7-41 


7*70 


7*99 


8*24 


8*50 


8*66 


8*84 


9*10 


9*38 


9*60 


9*85 


10*05 


10*30 


10*46 


10*61 


56 




57 


7*51 


7*81 


8*10 


8*36 


8*62 


8*79 


8*98 


9*24 


9*47 


9*78 


9*97 


10*17 


10*41 


10*57 


10-74 


57 




58 


7*62 


7*92 


8*21 


8*48 


8*74 


8*92 


9*18 


9*39 


9*61 


9*86 


10-09 


10*29 


10*52 


10*69 


10*87 


58 




59 


^•72 


8*03 


8*32 


8*60 


8*86 


9*05 


9*27 


9*53 


9*75 


9*99 


10*21 


10*41 


10*63 


10*81 


11*00 


59 




60 


7*82 


8-13 


8*44 


8*71 


8*98 


9*20 


9*48 


9*67 


9-90 


10*12 


10*88 


10*58 


10*74 


10*93 


11*13 


60 




61 


7*96 


8*26 


8*56 


8*83 


9*10 


9*32 


9*55 


9*79 


10H)2 


10*24 


10*46 


10*66 


10*87 


11-06 


11*26 


61 




62 


8*10 


8*39 


8*68 


8*95 


9*22 


9*43 


9*67 


9*91 


10-14 


10*86 


10*59 


10*79 


11*00 


11*19 


11*39 


62 




63 


8*24 


8*52 


8*80 


9*07 


9*33 


9-55 


9*79 


10*03 


10-26 


10*48 


10*71 


10-92 


11*13 


11*32 


11*52 


68 


• 


64 


8*37 


8*65 


8*92 


9*18 


9*44 


9*66 


9*91 


10*15 


10*88 


10*60 


10*88 


11*05 


11*26 


11*45 


11*65 


64 




65 


8*50 


8*78 


9*04 


9*30 


9*55 


9*78 


10*08 


10-27 


10-50 


10*72 


10*95 


11*17 


11*39 


11*58 


11-78 


65 




66 


8*63 


8*90 


9*16 


9*41 


9*66 


9*89 


10*15 


10*89 


10-62 


10*84 


11*07 


11*29 


11*52 


11*71 


11-91 


66 




67 


8*76 


9*02 


9*28 


9*52 


9*77 


10*01 


10*27 


10*51 


10-74 


10*96 


11*19 


11*42 


11*64 


11*83 


12-04 


67 




68 


8*89 


9*14 


9*39 


9*63 


9*88 


10*12 


10*88 


10*62 


10-86 


11*08 


11*81 


11*55 


11*76 


11-95 


12*16 


68 




69 


9*02 


9*26 


9*51 


9*74 


9*99 


10*24 


10*49 


10*78 


10-98 


11*20 


11*48 


11*68 


11*88 


12*07 


12*28 


69 




70 


9*15 


9*38 


9*61 


9*85 


10*10 


10*85 


10*60 


10*84 


11-09 


11*82 


11*55 


11*77 


11*98 


12*19 


12*40 


70 




71 


9*27 


9*50 


9*72 


9*97 


10*23 


10*47 


10*71 


10*95 


11*20 


11*44 


11*66 


11*88 


12*10 


12*31 


12*58 


71 




72 


9*39 


9*62 


9*84 


10*09 


10*85 


10*58 


10*81 


11*06 


11*32 


11*55 


11*77 


12*00 


12*22 


12*43 


12*66 


72 




73 


9*51 


9*74 


9*95 


10*21 


10*47 


10*70 


10-92 


11*17 


11*44 


11*67 


11*89 


12*12 


12*84 


12*56 


12*78 


78 




74 


9*63 


9*86 


10*07 


10*33 


10*59 


10*81 


11*02 


11-28 


11*55 


11*79 


12*01 


12*24 


12*46 


12*68 


12*90 


74 




75 


9*75 


9*98 


10*18 


10*45 


10*71 


10*92 


11*18 


11-89 


11-67 


11*91 


12*13 


12*36 


12*58 


12*80 


13*03 


75 




76 


9*87 


1010 


10*30 


10*57 


10*83 


11*08 


11-23 


11*50 


14-78 


12*02 


12*25 


12*48 


12*70 


12*93 


13*16 


76 




77 


9*99 


10*22 


10*41 


10*69 


10*95 


11*14 


11*88 


11*61 


11*90 


1214 


12*87 


12*60 


12*82 


13*05 


13*29 


77 




78 


10*11 


10*33 


10*53 


10*81 


11*07 


11*25 


11*43 


11*72 


12-01 


12*25 


12*49 


12*72 


12*94 


13*18 


13*42 


78 




79 


10*22 


10*44 


10*65 


10*93 


11*19 


11*36 


11*58 


11-83 


12*18 


12*87 


12*61 


12*84 


18*06 


13*30 


13*55 


79 




80 


10*33 


10*55 


10*77 


11*05 


11*32 


11*48 


11*68 


11*94 


12*25 


12*49 


12*73 


12-96 


13*19 


18*48 


13*67 


80 




81 


10*45 


10*66 


10*89 


11*15 


11*43 


11*60 


11*76 


12*06 


12*86 


12*61 


12*85 


13-08 


13*81 


13*55 


13*79 


81 




82 


10*57 


10*78 


1100 


11*27 


11*54 


11*72 


11*89 


12*19 


12*48 


12*72 


12*96 


13-20 


13*43 


13*67 


13*91 


82 




83 


10*69 


10*90 


11*12 


11*38 


11*65 


11*84 


12*02 


12-31 


12-60 


12*84 


18*08 


13-32 


18*55 


13*79 


14*03 


88 




84 


10*81 


11*02 


11*24 


11*60 


11*76 


11*96 


12-15 


12-44 


12-71 


12-96 


13-20 


13*44 


18*67 


13*91 


1415 


84 




85 


10*93 


1114 


11*35 


11*61 


11*87 


12*08 


12*28 


12-56 


12*83 


13-07 


18*32 


13*56 


18*79 


14*03 


14*27 


85 




86 


11*05 


11*26 


11*47 


11*72 


11*98 


12*20 


12*41 


12-68 


12-94 


18*19 


13*44 


18*68 


13*91 


14*15 


14*39 


86 




87 


11-17 


11*38 


11*59 


11*83 


12*09 


12*82 


12-54 


12-80 


13-06 


18*80 


13*56 


13*79 


14*03 


14*27 


14*51 


87 




88 


11*29 


11*50 


11*70 


11*95 


12*20 


12*44 


12*67 


12-92 


18-17 


18*42 


13*68 


13*91 


14*15 


14*39 


14*63 


88 




89 


11*41 


11*62 


11*82 


12*06 


12*31 


12*56 


12-80 


13*04 


18-29 


18*53 


13*80 


14*08 


14*27 


14*51 


14-75 


89 




90 


11*54 


11*74 


11*94 


12*18 


12*42 


12*67 


12-92 


18-17 


13*42 


13*66 


13*91 


14*15 


14*39 


14*68 


14-87 


90 




91 


11*66 


11*85 


12*06 


12*30 


12*53 


12*79 


18-08 


18-29 


13-54 


13*78 


14*03 


14*27 


14-51 


14*74 


14*98 


91 




92 


11*78 


11*97 


12*18 


1^*41 


12*65 


12*90 


18*15 


18-40 


13*65 


13*90 


14*14 


14*38 


14-62 


14*86 


15-10 


92 




93 


11*90 


12*09 


12*30 


12*53 


12*76 


13*02 


18*26 


13*52 


18*77 


14*01 


14*26 


14*50 


14*74 


14*98 


15-22 
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Numbert for finding the Sectional Area of Rim of Fly Wheel in Square Inches. 
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Mean DUneter 

of the Flv Wheel 

In Feet. 


RuLi — Multiply the Number given In Table A corresponding to the length of Stroke and the Diameter of the Cylinder of the given Knglne, bj the Num- 
ber in Table B corresponding to the length of the Stroke and mean Diameter of Fly Wheel : the Product is the SecUonal Area of the Rim or Fly Wheel 
in Square Inches. 
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2-20 


2-63 


3-28 


3-93 


4*67 


19 




19-5 


•046 


•091 


•159 


•253 


•378 


•537 


•73 


•98 


1-27 


1-62 


202 


2-38 


3-01 


3-61 


4*29 


19-5 




80 


•042 


•082 


•145 


•230 


•344 


•490 


•664 


•892 


1-16 


1-47 


1-84 


2-13 


2-74 


3-29 


3*91 


20 




20-5 


•040 


•077 


•137 


•217 


•325 


•465 


•628 


•844 


1-09 


1-40 


1-55 


2-03 


2^57 


3*09 


3*70 


20-5 




81 


•038 


•078 


•130 


-205 


•307 


•439 


•594 


•797 


1-03 


1-33 


1-48 


1-93 


2^43 


2-92 


3-50 


21 




21-5 


•035 


•069 


•122 


•193 


-289 


•413 


•560 


•750 


0*97 


1-25 


1-41 


1-82 


2^29 


2-75 


3*30 


21-5 




28 


•032 


•065 


•114 


•181 


•271 


•387 


•526 


•703 


-091 


1.17 


1-34 


1-72 


215 


2-58 


309 


22 




28*5 


•030 


•061 


•106 


•169 


-253 


•361 


•492 


•656 


-085 


1-09 


1-27 


V62 


2-01 


2-41 


2*89 


22-5 




23 


•028 


•057 


•099 


•157 


•235 


•335 


•458 


•609 


•079 


l-Ol 


1^20 


151 


1-87 


2-24 


2*68 


23 




23^5 


•025 


•053 


•091 


•144 


-217 


•309 


•424 


•562 


•073 


•93 


M3 


r4i 


1-73 


2-07 


2*47 


23-5 




24 


•023 


•049 


•084 


•132 


-199 


•283 


•390 


•515 


•067 


•851 


ro6 


1-31 


1-59 


1-90 


2-27 


24 




24^5 


•022 


•045 


•077 


•123 


-184 


-260 


•357 


•477 


•62 


•787 


•98 


1-21 


1-47 


1-76 


2-10 


24-5 




85 


•022 


•042 


•074 


•118 


•176 


•250 


•340 


•457 


•593 


•754 


•941 


M5 


1-40 


1-68 


2*00 


25 




25^5 


•020 


•040 


•069 


•112 


-167 


-236 


•322 


•435 


•483 


•715 


•893 


ro9 


1-33 


1-59 


1*90 


25-5 




26 


•019 


•038 


•065 


•106 


-158 


•224 


•306 


•412 


•473 


•677 


•846 


1*03 


1-26 


P51 


1-80 


26 




86-5 


•018 


•036 


•062 


•100 


•149 


•212 


•290 


•389 


•463 


•640 


•799 


•974 


1-19 


1^43 


1-70 


26-5 




87 


•017 


•034 


•059 


•094 


•140 


•200 


iJ74 


•366 


•454 


•603 


•753 


•921 


M2 


1*35 


1-60 


27 




27^5 


•016 


•032 


•056 


•088 


•132 


•188 


•258 


•343 


•445 


•566 


•707 


•870 


1^05 


1-27 


1*50 


27-5 




28 


•015 


•030 


•051 


•084 


•126 


•178 


•246 


•327 


•425 


•540 


•673 


•834 


•998 


1-21 


1*42 


28 




28-5 


•014 


•029 


•048 


•080 


•120 


•169 


•234 


•311 


•404 


•514 


•641 


•801 


•940 


1^15 


1-35 


28*5 


29 1 


•013 


•027 


•046 


•076 


•114 


•161 


•222 


•295 


•384 


•488 


•609 


•768 


-899 


1-09 


1*28 


29 


29*5 J 


•012 


•026 


•044 


•072 


•108 


-153 


•210 


•279 


•363 


•462 


•577 


•735 


•856 


1-03 


1-22 


29-6 


30 1 


-012 


•025 


•043 


•068 


•102 


•145 


•199 


•264 


•343 


•436 


•545 


•702 


•813 


•975 


1*16 


30 


30-5 1 


•Oil 


•023 


•040 


•064 


•097 


•138 


•189 


•253 


•322 


•417 


•521 


•664 


•777 


•931 


i-io 


30-5 


31 J 


•Oil 


•021 


•037 


•060 


-092 


-131 


•179 


•242 


•301 


•398 


•497 


•626 


-741 


•887 


1*05 


31 


f31-5 1 


•010 


•020 


•034 


-056 


•088 


-125 


•169 


•231 


•280 


•379 


•473 


•588 


-705 


•843 


•998 


31*5 


32 1 


•010 


•019 


•032 


•058 


•084 


•119 


•160 


•220 


•260 


•360 


•450 


•550 


-670 


•800 


•950 


32 


/32'5 1 


•010 


•019 


•031 


•052 


-082 


•116 


•1.55 


•210 


•250 


•350 


•420 


•530 


•660 


•780 


•920 


32-5 


/33 1 


•010 


•018 


•031 


•051 


-080 


•113 


•150 


•210 


-250 


•340 


•430 


•520 


•650 


•770 


•900 


33 


\^'5 1 


•009 


•018 


•030 


•049 


•076 


•108 


•140 


•190 


-240 


•330 


•410 


•490 


•620 


•730 


•860 


33-5 


/34 1 


•009 


•017 


•029 


•047 


-072 


•102 


•140 


•180 


•230 


•310 


•380 


•470 


•590 


•690 


•820 


34 


/ 1 
/34-5 1 


•009 


•017 


•028 


•045 


•068 


•096 


•130 


•170 


•220 


•290 


•360 


•440 


•560 


•6.50 


•770 


34-5 


35 1 


•008 


•016 


•027 


•043 


-064 


•091 


•125 


•1Q6 


•216 


•275 


•343 


•422 


•544 


•614 


•729 


35 


1 
35-5 1 


•008 


•015 


•025 


•041 


•062 


•088 


•119 


•160 


•209 


•266 


•332 


•405 


•525 


•593 


•705 


35-5 


36 1 
36-5 1 

37 1 

37-5 
38 
38-5 
39 


•007 


•015 


•023 


•040 


-060 


•085 


•113 


•156 


•202 


•257 


•319 


•390 


•505 


•573 


•680 


36 


•007 


•014 


•022 


•039 


•058 


•082 


•107 


•150 


•195 


•248 


•307 


•374 


•485 


•553 


•655 


36-5 


-007 


•014 


•021 


•038 


•056 


•079 


•103 


•145 


•188 


•239 


•296 


•359 


•465 


•533 


•630 


37 


•006 


•013 


•020 


•037 


•054 


•076 


•099 


•139 


•181 


•230 


•285 


•343 


•444 


•512 


•605 


37-5 


-006 


•012 


•020 


•036 


•051 


•073 


•096 


•134 


•173 


-221 


•274 


•328 


•424 


•492 


•580 


38 


-006 


•012 


•019 


•034 


•049 


•070 


•093 


•128 


•166 


-211 


•263 


•312 


•403 


•472 


•555 


38*5 


-005 


•Oil 


•018 


•033 


•047 


•067 


•089 


•123 


•159 


•202 


•252 


•297 


-382 


•451 


•530 


39 


-005 


•010 


•017 


•032 


•045 


•064 


•086 


•117 


•152 


•193 


•241 


•881 


•362 


•431 


•505 


39-5 


L40 




-005 


010 


•016 


•031 


•043 


•061 


•083 


•112 


•145 


•184 


•230 


•266 


•342 


•411 


•480 


40 



CLtnirtli 
or 
Btnto 

l.iBFMS. 
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CHAPTER VI. 



EXPLANATION OF THE TABLES- 



Hatxmo giTen these extensiTe tablet, we now proceed to explain their use, 
to mention the formula from which Uiey are derived, and to apply them to 
a particolar example. The particular example which we shall select is 
that of an engine haying 8 feet stroke and 64 mch cylinder. 

TaiiUatpage 125. — This b a table for giving the breadth of the web of 
the crank at paddle centre ; that is to say, the breadth which the web would 
have if it were continued to the paddle centre. Suppose that we wished 
the breadth of the web of crank of an engine whose stroke is 8 feet and 
diameter of cylinder 64 inches. Under the column marked 8, and in a line 
with 64, there stands the number 17*99. Hence, according to the table, 
the proper breadth of the web of crank at paddle centre would be about 18 
inches. 

This table is calculated frx>m the following rule, which gives the proper 
breadth for an engine having any length of stroke and diameter of cylinder. 

Rule. — To find the breadth qf cnmh at paddle centre. Multiply the 
square of die length ofthecrcaik in inches by 1*561, and then multipfy the 
square of the diameter of cylinder in inches by *1235 ; multiply the square 
root of the sum of these products by the square of ^ diameter of the 
cyUnJer in inches; divide the product by 45 ; finaUy extract the cube root 
of the quotient The result is the breadth of the wlUf of cranh at paddle 
centre* 

Thus to apply this rule to the particular example which we have selected, 
we have 

48 i- length of crank in inches. 
48 



2304 
1*561 

3596*5 
505*8 



.constant multiplier. 



4102*3 



64 
64 



4096 
'1235 

505*8 



diameter of cylinder. 



constant multiplier. 



and V4102*3 » 64*05 nearly. 

4096 i- square of the diameter of the cylinder. 

45 ) 262348*5 

5829*97 



and ^5829*97 » 18 nearly. 

TaJtHeatpage 126 This is a table for giving the proper thickness of 

the large eye of crank in inches. Suppose that we wished the proper 
thickness c^ the large eye of crank for an engine whose stroke is 8 feet 
and diameter of cylinder 64 inches. Under the column marked 8 and in a 
line with 64, there stands the number 5*77. Hence, according to the table, 
the proper thickness for the large eye of crank is about 5] inches. 

T%is table is calculated from the following rule, which gives the proper 
thickness of eye for engines of any leng& of stroke and diameter of 
cylinder. 

Bulb. — To find the thickness oflarae eye of crank. Multiplv Ae square of 
the length of the crank in inches by 1*561, and then multiply ^ square of 
the diameter of the cylinder in inches by -1235 ; multiply the sum of these 
products by the square of the diameter of the cylinder in inches j (^fkruHurds^ 



divide the productby 1828*28 ; divide this quotient by the length of die crank 
in inches ; finalfy extract the cube root of the quotient. The result is the 
proper thickness of the large eye of crank in inches. 

Thus to apply this rule to the particular example which we have selected, 
we have 



48 < 
48 



. length of crank in inches. 



2304 

1*561 '■constant multiplier. 

3596*5 
505*8 

4102*3 

64 a* diameter of cylinder in inches. 
64 



4096 
-1235 ^ 

505*8 



(Constant muldplier. 



4102*3 
4096: 



> square of diameter. 



48 ) 16803020*8 

1828*28 ) 350062*94 
191-47 



and jy 191*47=5*77 nearly. 

Table in page 127. — This is a table for giving the proper thickness of 
the web of crank at paddle shaft centre ; that is to say, the thickness whidi 
the web ought to have if continued to centre of the shaft Suppose that 
it were required to find the proper thickness of web of crank at shaft centre 
for an engine whose stroke is 8 feet and diameter of cylinder 64 inches. 
Under the column marked 8, and in a line with 64, there stands the number 
8*97. Hence, according to the rule, the proper thickness of the web at 
shidft centre would be about 9 inches. 

This table is calculated from the following rule, which gives the proper 
thickness for all sizes of engines. 

'RxTLB.—Tofind the thickness oftheweb of crank at paddle shaft centre. Mulf 
tipfy the square of the length of crank in inches by 1*561, and then mukipfy 
the square of die diameter in inches by *1235 ; multiply the square root of the 
sum of these products by the square of the diameter of the cylinder in inches ; 
divide this quotient by 360 ; finally extract the cube root of the quotient 
The result is the thickness of the web of crank at paddle shaft cadre m 
tMihes. 
Thus to apply the rule to the particular example which we have selected, 

we have 

48 B length of crank in inches. 

48 

2304 

1*561 B constant multiplier. 



3596*5 
505-8 



4102*3 

64 B diameter of cylinder. 
64 

4096 

*1235 a> constant multiplier. 



505-8 



J 
■/ 



I-- 



Explanation 

And v'410a-3-M'03 newlf 

409E— ■qure of diimeter 

860) a62S48-a 
TS8-7S 
And yj28-75=.9 neu-ly. 
Table b page I3S. — Thii U ■ Uble fbr finding tbe proper dumeter of 
tte paddle eb^JoiLrDaL Suppoae thu it were required to find the pri^KT 
^amrter fbr the paddle iluft jonniil of an engine vhoae ttroke is 8 ftet 
ud diameter of cylinder 64 inches. In the column which ii headed 8, and 
in a line with 64, there atandi the nnmber H-06. Hence, according to the 
nle, the proper diameter of the paddle ahaft journal li 14 inche*. 

Tbia table i* calculated from the following rule, which giret the proper 
diameter of the journal ftv engine! of all liiet. 

BlXB. — To Jnd At £amtter of tht paddlt Aaft joviuiL — Mxltipfy the 
tqaart of Out diamettr a/ cglmJer in tKcAa by the Itngtk of Iht atuik in 
vtAa ! txtract &t culit root of the product ; JouiUy, miitlipli/ the renlt by 
■aa. The final product u At iHameter oflht paddU iha/tjoianat in iiuhtt. 
Thai, to *|ipl; thia rule to the partienlar example which we baie selected, 

84— diameter of cylinder inchei. 



48— lengthof etankin inches. 



Table in page l!B. This is a table for determining the length of Ibe 
paddle shaft journal. Suppose it were required to find the proper length 
of the paddle shaft jounul fbr an engine whose stroke ii B feet, and 
diameter of cylinder 64 inches. In the column headed 8, and in a line 
with 64, there stands the number 17'G9. Hence, accordiug to the table, 
Ibeproper length of the paddle shaft journal would be about 171 inches. 

1W table iseakolatedfhnu the following rule, which serves for engines 
of bU siaes. 

ZuLt.— To fiad the length of tht pad£eehaJijomtal—Midtipfy the tqnare 
of tht diameter of the cylinder in ifpha by the length oflht criaih i» inchei; 
tilraci iha cubt root of Ae gaotient ! nadliplg At rettJl by SOS. The pro- 
daet it At lengA of the paddk thajl journal in inthei. ( The lengA of tht 
paddle Juxfl joanial it l{ tima tht diameter.') 
To qiply this rale to the example which we have selected, we haTC 
64 ■^ diameter of cylinder in inehet. 
84 
4096 

Moleogth of crank Inische*. 

196608 

end .flSeeOSo 58-148 
.'. length of janraaloS8'148 x -SOa^ir-eo inebet. 
Tables b pagei 130. and 131— Theie Ubies give the proper dimension* 
rf some of those parts which do not depend upon the length of the tiroke. 
8app««e it were required to find the proper dimensions of de respectiTe 
tarts of a marine engine the diameter of whose cylinder ia 84 melMi, 
Here, in a line with 64, we find BuecessiTcly, 
Diameter of crank -pin jourual — SOii inches, or about 9 inches. 
Length of crank-pin journal^ 10-18 inches, or nearly lO^ inches. 
Breadth of the eye of cross-head- 2-S4 inchei, or between S| and S) 

Depth of the eye of cross-head" 18'3T mches, or rery nearly 181 
bcheiL 
Diametcrof the journal of croM-headnS'S inebet, or SJ Inches. 
I«nKlh of Journal of cross-head" 6' 19 inches, or Ter^ nearly 6} inches. 



It middle — 17-15 inches, or between 17^ 



Thickness of the web of cross-head at middle— 4-6 inches, or somewhat 
man than 41 inches. 

Breadth at web of crtMi-head 
and 171 inches. 

Thickness of web of cross-head at jonnkaI—3113 inches, or very nearly 

Breadth of web of eross-head at journal— 6-4G inches, or nearly 6| 

IKameter of piston rodE^6'4 inches, or 6) Inches- 
Length of part of piston rod in piston — 128 inches, or 1S| inches. 
^IsjoT diameter of part of piston rod in erosa-head— oe-S iochet, or nearly 
Uinehes. 
Minor diameter of part of piston rod In cross-head— S'76 inchea, sa 5) 

H^Jor diameter of part of piston rod in piston— 8*96 luchea, or nearly S 

— 7'36 inchei^ or between 
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Depth of gibs and cutter through crcM-head " e-Ta inches, or very neartj 

Thickness of gibe and cutter through cross-head— 1-35 inches, or be- 
tween l\ and \\ inches. 

Depth of cutter through piston —S'45 inches, or nearly 51 inches. 

Thickness of cutler through pIitonc3'94 inches, or nearly 21 inchea. 

Diameter of connecting rod at ends — 6-08 inches, or nearly G^ inches. 

Ht^or diameter of part of connecting rod in cross-toil— 627 inches, or 
about H inchea. 

Minor diameter of part of connecting rod in cross-tail — 5-T6 inches, or 
nearly S] inohes. 

Breadth of bntt— 9-98 inches, or very nearly 10 inches. 

Thickness of butl—S inches. • 

Mean thickness of strap at cutter— 2-75 inches, or 2] inches. 

Mean thickness of strap abote cutter— 2-06 inches, or somewhat more 
than ! inches. 

Distance of cutter &ora end of strap — 3*08 inches, or very nearly 3^ 

Breadth of gibe and cotter through crost-tail- G-73 inches, or Tery 
nearly 6] inches. 

Breadth of pba and cutter through butt— 7'0l inches, or Mmewhat 
more than T inuies. 

ThickneM of gibs and cutter through butt- 1-84 inches, or between \\ 
and a inches. 

These tables are calculated I^m the following rules, which give correct 
resnltafor all siies of coginei. 
Rdlb 1.— To Jaid At diameter of crank-pin JBiinuiL — Multiply the diamOer 

of Iht q/linder in iNcies by -14S. The reiidt it Iht diameter of eranh-piii 

journal in inchee. 
RcLE I. — To find tht lengA of crank-pin jaumal^-Multiply lie diameter 

of Ae cylinder in inchee &/ -16. The product ie the kngA ofAe crank-pix 

journal in inchrt. 
Rule 3. — To find tht breadA of the eye qf eroet-head. — Multiply the dkt- 

meter of the lyUnder in inches by -041. The product it the breadth of the 

eye in inehtt. 
Rule 4.— Tofind the liqiA ofAe eye of croa-htad.—MidtijAi At diameter 

of the cylinder in inchte by -286. The product ie the d^th of Iht eye </ 

croMi-head in inchet. 
Bnu S. — Tofind the diameter of the journal of croit-head.— Multiply tJU 

diameter of the cylinder in inckei by 086. lie product it At diameter of 

tht journal la inchet. 
Sole a.— Tofind Iht lengthof the joumid^entt-head.^ Multiply the dia- 

meter of Ae culinder in inchet by -097. Tht product it the lengA of At 

journal in inchee. 
ScTLm 7.— To find the Aickneu of the mb of cma-head at middle. — Mul- 
tiply Ae diameter af the cylinder in inchee by V' 2. T^ product ie the duck- 

nete of the web ofcroie-head almidiBe in inehet. 
Bcu S. — To find the breadA of u>A of crtne-headttl middle. — Mtdtipfy the 

diameter of Ae eulinder m inchee by -268. The product ie tht brtadA of 

the web ofcrote-head at middle in inchee. 
Bora 9. — To find the thiekneee of the uieb of eratt-head at jonmaL — Mut- 

tafy tht diameter of the cylinder in iuchci by -061. The product it tht 

thxinete of Iht web ofcroee bead at journal at imchtt. 
BcLE 10. — To Jbul the breadth of web i!fcTOti-head at jeumal-Multiphi 

the diameter of the cytinder M nc^ei ^ '101. TTu product ie Iht ireadih 

ofthewdoferoit-lieadatjoumalin inebet. 
ROLK 11 To find the diameterof the pieton rod, — Divide the diameter of 

Ae cylinder in inchet by 10. T%e quotient it At diameter of the pieton rod 

RVLX 12. — To find tht length of the part of At pieton rod in the pieton. — 
IHridt At diameter of Iki eyinder in inebet by 5. The quotient ie At 
knglh of the part of the pieton rod in the pieton in inchet. 

Rule 13. -- To find the major diameter of the part of pieton rod I'l 



duct ie tht major di 
Run 14. — To find Ae minor diameter of At part of pieton rod in cm**. 

head. — Mulilply tilt diameter ofAe cj^inderin inchet iy -09. Iliepro- 

duet ie the minor diameter of Ae part of pieton rod in eroet-head m dKhet. 
RUI.E IS. — Tofind the major diameter of tht part of pitlon rod in pitlon. 

— Multiply At diameter of tht cylinder in inchee by -14. The product it 

the major diameter qf Iht part of the pieton rod in piiton in inchee. 
Rule 16 Tofind the minor diameter iff the part of piiton rodinpitkm. — 

Multiply Ae diameter of the cylinder ia inchee by -115. T^t product ie the 

minor £ameler of the part of pitton rod in piiUn. 
Rn.K 17. — To find the depth of gSu and cutter Arough cnai-head. — 3fiit 

tafy Ae diameter of the cylinder in inchet, by -103. 73e product ie Ae 

^pA of Ae gibe and cutter through crotibead. 
Rule 18. — Tofind the ihichieu of the gibe and cutter Arough croie-head. — 

Multiply tht diameter of the cylinder in inchet, by -021. Tht product it 

the AKhneit of tht gibt and cutter Arough crott-htad. 
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Rule 19. — To fitd At depth of ntter Armgh pitbm. — Multiplg tiu 

iiamtler of tht cyHndtr in iiaka bg '085. Tin prodncl u tht dtpVt of At 

cutter Ariitgk pitloit in iwAu. 
BCLB SO. — To find Ihe thichua of cutter iJaviigh pabm. — Multiplj/ &t 

diamtttr of Hit cyluuiir in incha by -OSfi. TTit prodiKt it l!it thiehutt of 

CuUtr thrviigk pitton in inchtt. 
RduSI. — To find tht diamtttrof amnictingrod at endt. — Multipfy At 

diamtttr af At lylitidtr in inchtt l^ -OSi. Tht product it the diamettr of 
' Ae eoiatcti»g rod at endt in inchet. 
Role 33. — To find Ae waiar diamettr of tht part of comteeting nd m 

entt-tail. — Mattipig tht dianuter of Iht cylinder in itiehet bg "098. T%e 

prodacl it Iht nUijor diamtter (jf lAt part of connecting rod in tron-taiL 
RcLE a.— -To find da minor diameter of At part of connectittg rod in enm- 

taiL — MM/ilg the diamtler of Ae cylinder in inchet bg -09. The product 

ii the Minor diameter of the part of connecting rod in cmtt-tail in inchti. 
Rcae 3i.— To find the breaJA of butt — Multiplg the diameter of the 

q^nder m ixhet by -196. 73< product it the breadA of the buU in 

RlOB SS. — Tofind &e Aichua of the butU—Dioidt Ae dianultr of Ae 

cinder in incAci bg 8. The quotient it the Aichntu if Iht butt in inchtt. 
RCLE Sfl.— Tofind Iht mean Aicknta of the trap at cutler. —Multiplg the 

diameter of Ae lylinder in inehe* bg -043. The product it the mean thieh- 

nea ofAe ttrap at cutter. 
RvLB !7. — Tofind the mean Aichnett of Ae itrapahove cutler, — Mtd- 

tipig the diamtter of the eglinder inineheeby -032. 7^ product it the mean 

AiclaieiM of Ae ttrap abmt cutter. 
RcLB as. — Ta find Ae diMtanct of cutler from end of Mlrap—MMplg the 

diamtter of the cglinder i* tnchet by "048. Tht product it tht dittanee of 

cutter from end of ttrap in inchet. 
Rdlg 39. — To find the breadA of the gibe and cutter thrn^h croH-tail. — 

Midtiptg Ae diameter of the lylader in inchet bg '103. Tieproduct it the 

breadA of the gib* and cutter through croti-tail. 
Rule an. — To find the breadA of tht gibt and cutter through butt — Sful- 

tiplg the diameter of the cylinder in inchet bg -11. The product it the 

weadA of the giht and cutter through butt in inchet. 
Rule 31. — Tofind the Aickneit of the gibe and culler through butt. — Jfid- 

lipig Iht diamtter of the cglinder in inchet bg -039. Tht product it the 

atichnai of the gibe and cutler through bull in inchet. 

Table in page 139. — The fim four colnmnt of thii table ire sam« partt 
of the engine which do not depend upon the itroke. Snppoie il were 
required Co find Che thickneu of the imall eje of crank for an engine the 
diuneter of whose cylinder !■ 64 inchei. Uer«, in the coloma headed 
BreadA of Small Eye of Cranh, and in a Ibe with 64, there Maoda Che 
nnmber 4-04. Hence, according to the table, Che proper thickne«a of the 
$mtU eje of crank it aboat 4 inchea. Again, lappoae it were required to 
find the length of the imall eje of cnuik. In the colomn headed LagA 
of Ditto, and in a line with 64, there atandi the nnmber 11-94. Heoec, 
according to the table, the proper length of the umall eje of crank is nearlj 
IS inches. Agun, supposing it were required Co find the proper tbickneaa 
of the web of craak at pin centre ; that is to bbj. the tbickneu which it 
would have if continued to Che pin centre. In the ooloma headed Thick- 
WH of Wtb of Crank at Pin Centre, and In a line vith 64, there Stands the 
Dnraber T-04. Hence, according to the table, the proper thickness for the 
veb of crank at pin centre is abont 7 inches. Again, sappose it were re- 

Siired to find the breadth of the web of crank at pm centre ; that is to sar, 
e breadth which it wonld have if it were continued to the pin centre, ui 

the column headed BreadA of Ditto, nod in aline with 64, there standi the 

number 1 0-94. Hence, according to the table, the proper breadth for Ih« 

veb of crank at pin centre is about 104 inches. 

These four columns are calculated tVom the following ndea, which give 

the proper dimenaions for enginea of all sizes. 

BllLE 1.— Tofind Ae breadA of the imaS to< of eranlL—Mullipfy the dia- 
meter of the cylinder in inckei by -063. The product it Ae pnper breadA 
of the email egt of crank in inchet. 

Rule 3.^To find Ae lengA of Ae email ^ of eranL— MaUply the dia- 
meter of the rylinder in inchet by -IST, The product it the proptr lengA of 
the tmaU egt of cranh in inchet. 

Rm-B 3. — To find At Aicknttt of Ae web of crank at pin centre. — Mul- 
tiply tht diameter of the cylinder in inchei iy -11. The product it lie proper 
ihichneit of tht uieb of crank alpin centre in inchet. 

Rule A. — To find the bread A of At uieb of crank at pin centre. — Multiply 
the diameter of the cylinder in inchet bg -16. The product it the prt^er 
hreadA of crank at pin centre in inchet. 

The other colomns in this page are niefnl for determiniDg the proper 
diameters of the connecting rod and aide rod at middle ftvm tbe corre- 
■ponding diameters at ends. To illustrate the use of these columns, let us 
take the particular example of an engine of 8 feet stroke and 64-inch 
Cylinder, and let us suppose that the length of the connecting rod ii 19 



feet, and Che tide rod 10 feet Referring back to page 131., we find that 
the ^ameter of the connecting rod at ends it 6-08, and the ratio between 
the diameten at middle and ends of a connecting rod, whoM length is IS 
feet, is 1-S04. Hence, the proper diameter at middle of the connecdng 
rod=6-08 X l'S04 inctiea=9-I44 inches. Again, referring to page 133., 
we find the diameter of cylinder tide rodi at ends, for the paMicnIar engine 
which «e haye selected, is 4'10, and tbe ratio between the diameten at 
middle and ends of cylinder aide rods, whote lengths are lOfoet, it 1-43. 
Hence, according to the table*, the proper diameter of the cylinder tide 
rods at middle is equal to 4'1 x 1-42 inchet — 5-BS inches. 

Table in page 133. — This table gires tbe dtmeniions of tame el those 
parts of the engine which do not depend upon the stroke. Soppoae we 
take the particnlar example of an engine the diameter of whoaa cjliiider i* 
64 inches. We find from the table, m a line with S4, that 

Diameter of cylinder side rods at endBo.4-1 inches, or 4,^ inchet. 

Breadth of bntt=4'93 inches, or rery nearly S inche*. 

Thickness of butt =3-9 inches, or 3ft inches. 

Mean thieknest of strap at cntler—S-oe indiei, or a little more rtf 3 

Mean thickneaa of strap below cotter— 1-4 



inchea, or Terj nearly IJ 

Depth of gibs and cutter '^512 inches, or a little moK than S^ inchet. 
Thickness of gibs and cntter^l-03 inches, or a little more than 1 inch. 
Diameter of maio centre joumal = ll'71 inches, or very Dearly 11) 

Length of main centre journal — 17'6 inches, or l"j inches. 

Depth of eye roond end studs of lever = 4-7S inches, or 4) inches. 

Thickness of eye round end studs of lever =333 inches, or 3) inchet. 

Diameter of end studs of lever>^4'48 inches, or very nearly 4) inches. 

length of end studsof lever— 4-86 inches, or between 4j and 5 inches. 

Diameter of air-pump studs — 9-91 Inches, or nearly 3 laches. 

Length of air-pump Btuda=3'16 inches, or nearly 3J inches. 
_ This table is calculated from the following rules, which will be foond to 
give the proper dimensions for all sixes of engines. 
Rule I — Tofind Ae diameter of cylinder tide rodt at endi. — Mtdlipfy lie 

diameter ofAe cylinder in inchet by -065. The product it the diameter of 

the cglinder tide rodt at tndt in inchet. 
nm.si.~Tofiadlhe breadA of butt in inchet.— SfuItijJy tht diameter of 

the cglinder n inchet by -077. The product it At brtadA of Ae butt in 

Ruix S.— To find Ae Aichnttt _^ the butt — Muttipig the diameter ofAe 
cglinder in inchet by -061. The product it the Aicknett of the buU in 

Rule 4 — To find the mean thicknett <f ttrap at cutter.— Mult^ Ae 

diameter of the cylinder in inchet by -039. The product it the mean Akk- 

neit (jf the ttrap at cutter, 
Bdt.i5. — TojtidiAe B ___ __ „ 

diameter of the cglinder in inchee bg -023. 

nesi of ttrap bdoic cutter in inchet. 



RuJJRj.-TofindAe Aicknett of mbt and cvtter. — MuUaly ike diameter 

of the cylinder in inchet bg -016. The product ie the Aicknett of At gOt 

and cutter in inchet. 
HoLi 8. — To find tht dianuter of the main een^e journal — Multiply the 

diameter of Ae cylinder in ncAet bg -183. The product it Ae diameter of 

the main centre journal in incAei. 
Role 9. — To find the length of the main centre jaunaL—Multip^ tie 

diameter i^ihe cylinder « ucAes bg -375. The product it the ifiaauttr of 

the cylinder in inchet. 
Kuix iO.— Tofind AedepA of eye round end itudt of Uver. — Mullipfy Ae 

diameter of the cylinder in incAei bg 074. Theproduct it the dq>A of Ae 

eye round end tludt of leoer in inchet. 
Rule U.- Tofind At Aicknett of ige round md tludt of leoer,- Multiplg 

the diameter of the cglinder in inchet by '053. Theproduct it the Aiclaieti 

iffege round end itudi of lever in inchet. 
Rin.B 13. — To.^ the diameter of the end ttudt of Itver. — Mullipfy ike 

diameter of tie cylinder in inchet by -07. 7^ product it the diameter qf 

the end ttudt of lever in inchet. 
RtiLB IS. — To find tht length of the end ttudt of leoer.— Multipfy At 

diameter of the cylinder in inchet bg -076. The product it the lengA of At 

end ttudt of lever in inchet. 
RrLE 14. — To jind the diameter of the air-pump ttudt. — Multiply Ae 

diameter of the cylinder in inchet bg '045. TTu jttvduct it the diameter tf 

Ae air-pump ttudt in inchet. 
RCLB 15. — To find tht lengA of the air-pump itudt.—Multipfy the diamtta- 

of the cylinder in incka by fM. Tke product it Ae lengA qf At air-jimnp 
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Table in page 134. — This table gives the proper depth in inches across 
the centre of the side lever, when, as is generally the case, the side 
lever is of cast iron. It will be observed that the depth is made to depend 
upon the diameter of the cylinder and the length of the lever, and not at 
all upon the length of the stroke, except indeed in so far as the length of 
the lever may depend upon the length of the stroke. Suppose it were 
required to find the proper depth across the centre of a side lever whose 
length is 20 feet, and the diameter of the cylinder 64 inches. In the 
column headed 20, and in a line with 64, there stands the number 39*26. 
Hence, according to the table, the proper depth across the centre would be 
about 39| inches. 

This table is calculated from the following rule, which will give the 
proper dimensions for any size of engine. 

Rule. — To find the depth across the centre of the side lever. — Multiply the 
length of the side lever in feet by '7423 ; extract the cube root of the product, 
and reserve the result for a multiplier. Then square the diameter of the 
cylinder in inches ; extract Uie cube root of the result. The product of the 
final result and the reserved multiplier is the depth of the side lever in inches 
across the centre. 

Thus to apply this rule to the particular example which we have 
selected, we have, 

20=: length of side lever in feet 
'7423= constant multiplier. 

14-846 



and^U '846 « 2*458 nearly. 

64 SE diameter of cylinder in inches. 
__64 

4096 



and^4096»16 
Hence depth at centre » 16 x 2*458 inches » 39*33 inches, or between 39) 
•nd 39} inches. 



Table in page 135. — This table gives the dimensions of several of the 
parts of the air-pump machinery which depend upon the diameter of the 
cylmder only. To illustrate the use of this table, let us take the particular 
example of an engine the diameter of whose cylinder is 64 inches. We 
find from the table successively. 

Diameter of air-pump =38*4 inches, or 38} inches. 

Thickness of the eye of air-pump cross-head^ 1*58 inches, or a little more 
than \\ inches. 

Depth of eye of air-pump cross-head» 11*01, or about 11 inches. 

Diameter of end journals of air-pump cross-heads 3*29 inches, or some- 
what more than : ) inches. 

Length of end journals of air-pump cross-head - 3*7 inches, or 3<^ inches. 

Thickness of the web of air-pump cross-head at middle =2*76 inches, or 
a little more than 2] inches. 

Depth of web of air-pump cross-head at middle *b10*29 inches, or some- 
what more than 10| inches. 

Thickness of web of air-pump cross-head at journal =2*35 inches, or 
about 2} inches. 

Depth of web of air-pump cross-head at journal « 3*89 inches, or about 
3{ inches. 

Diameter of air-pump piston rod when made of copper =4*27 inches, or 
about A\ inches. 

Depth of gibs and cutter through air-pump cross-head ^ 4*04 inches, or a 
little more than 4 inches. 

Thickness of gibs and cutter through air-pump cross-head =-81 inches, 
or about } inch. 

Depth of cutter through piston =3*27 inches, or somewhat more than 3) 
inches. 

Thickness of cutter through piston = 1*34 inches, or about 1] inches. 

This table is calculated from the following rules, which give the proper 
dimenuons for all sizes of engines : 

Rule 1. — To find the diameter of the air pump, — Multiply the diameter of the 
cylinder in inches by *6. The product is the diameter of the air pump in 
inches. 

Rule 2. — To find the thickness of the eye of air-pump cross-head — Multiply 
^ diameter of the cylinder in inches by *025. The product is the thickness 
of the eye of air-pump cross-head in inches. 

Rule 3. — To find the depth of eye of air-pump cross-head — Multiply the 
diameter of the cylinder in inches by *17 1. The product is the depth of the 
eye of air-pump cross-head in inches. 

Rule 4. — To find the diameter of the journals of air-pump cross-head. — 
Multiply the diameter of the cylinder in inches by '051. The product is 
Ae diameter of the end journals. 

RtTLK 5. — To find the length of the end journals for air-pump cross-head. — 
Multiply the diameter of the cylinder in inches by -058. Tne product is the 
length ofiShis w-pump cross-head journals m inches. 



Rule 6. — To find the thickness of the web of air-pump cross-head at middle.--^ 
Multiply the diameter of the cylinder in inches by *043. The product is the 
thickness at middle of the web of air-pump cross-hecui in inches. 

Rule 7. — To find the depth at middle of the web of air-pump cross-head, ^- 
Multiply tlie diameter of the cylinder in inches 6y *161. The product is the 
depth at middle of air-pun^ cross-head in inches. 

Rule 8. — To find the thickness of the web of air-pump cross-head at journals 
Multiply the diameter of the cylinder in inches by *0d7. The proauct is the 
thickness of the web of air-pump cross-head at journals in inches. 

Rule 9. — To find the depth of the air-pump cross-head web at journals. 
Multiply the diameter of the cylinder in inches by *061. The product is 
the depth at journals of the web of air-pump cross-head. 

Rule 10. — To find the diameter of the air-pump piston rod when of copper. 

— Multiply the diameter of the cylinder in inches by *067. The product is 
the diameter of the air-pump piston rod, when of copper , in inches. 

Rule 11.—- To find the depth of gibs and cutter through air-pump cross-head. 

— Multiply the diameter of the cylinder in inches by *063. The product is 
the depth of the gibs and cutter through air-pump cross-head in inches. 

Rule 12. — To find the thickness of the gibs and cutter through air-pump 
cross-head. — Multiply the diameter of the cylinder in inches by *013. 7%£ 
product is the thickness of the gibs and cutter in inches. 

Rule 13. — To find the depth of cutter through piston. — Multiply the 
diameter of Hie cylinder in inches by *051. The product is the depth of the 
cutter through piston in inches. 

Rule 14. — To find the thickness of cutter through air-pump piston. — Mul- 
tiply the diameter of the cylinder in inches by *021. 2 m product is the 
thickness of the cutter through air-pump piston. 



I 



Table in page 136. — The first seven colunms of this table give the 
dimensions of the remaining parts of the engine which do not depend upon 
the stroke. To exemplify their use, suppose it were required to find the 
corresponding dimensions for an engine the diameter of whose cylinder is 
64 inches. In the column headed " Diameter of Air-pump Side Rods at 
Ends," and in a line with 64, there stands the number 2*48. Hence, 
according to the table, the proper diameter of the air-pump side rod would 
be about 2J inches. Again, In the column headed ** Breadth of Butt," and 
in a line with 64, there stands the number 2*95. Hence, according to the 
table, the proper breadth of butt is very nearly 3 inches. Again, in the 
column headed " Thickness of Butt," and in a line with 64, there stands the 
number 2*35. Hence, according to the table, the proper thickness of butt 
is between 2} and 2} inches. Again, in the column headed " Mean Thick- 
ness of Strap at Cutter," and in a line with 64, there stands the number 
1*24. Hence, according to the table, the mean thickness of strap at cutter 
ought to be about 1] inches. Again, in the column headed " Mean Thick- 
ness of Strap below Cutter," and in a line with 64, there stands the number 
■91. Hence, according to the table, the mean thickness of strap below 
cutter is about <^ of an inch. In the column headed ** Depth of Gibs and 
Cutter," and in a line with 64, there stands the number 2*94. Hence, 
according to the table, the proper depth for the gibs and cutter is very 
nearly 3 inches. Finally, in the column headed ** Thickness of Gibs and 
Cutter," and in a line with 64, there stands the number *63. Hence, 
according to the table, the proper thickness of the gibs and cutter is about 
{ inch. 

These columns are calculated fi-om the following rules, which give the 
correct dimensions lor all sizes of engines : 

Rule 1. — To find the diameter of air-pump side rod at ends. — Multiply the 
diameter of the cylinder in inches by *039. The product is the diameter of 
the air-pump side rod at ends in inches. 

Rule 2. — To find the breadth of butt for air-pump. — Multiply the diameter 
of the cylinder in inches by -046. The product is the breadth of butt in 
inches. 

Rule 3. — To find the thickness of butt for air-pump. — Multiply the dia- 
meter of the cylinder in inches by *037. The product is the thickness of butt 
for air-pump in inches. 

Rule 4. — To find the mean Sickness of strap at cutter, — Multiply the dia- 
meter of the cylinder in inches by -019. The product is the mean thickness 
of strap at cutter for air-pump in inches. 

Rule 5. — To find the mean thickness of strap below cutter, — Multiply the 
diameter of the cylinder in inches by *014. The product is the mean thick- 
ness of strap below cutter in inches. 

Rule 6. — To find the depth of gibs and cutterfor air-pump, — Multiply the 
diameter of the cylinder in inches by -048. The product is the depth of gibs 
and cutterfor air-pump in inches. 

Rule 7. — To find the thickness of aibs and cutter for air-pump. — Divide 
the diameter of the cylinder in inches by 100. The quotient is the proper 
thickness of the gibs and cutterfor air-pump in inches, 

C C 
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Explanation of the Tables. 



With regard to the other columns of this page, they are made to depend 
upon the nominal horse power of the engine. Suppose that we take the 
particular example of an engine whose stroke is 8 feet, and diameter of 
cylinder 64 inches. Referring back to the table given in pages 96 and 97, 
we find that the nominal horse power of this engine is nearly 175. Hence 
we find from the table successively, 

Diameter of valve shaft at journal in inches =4*85, or between 4j and 5 
inches. 

Diameter of parallel motion shaft at journal in inches = 3*91, or very 
nearly 4 inches. 

Diameter of valve rod in inches = 2*44, or about 2| inches. 

Diameter of radius rod at smallest part in inches = 1*97, or very nearly 
2 inches. 

Area of eccentric rod, at smallest part, in square inches ^r 8*37, or about 
8} square inches. 

Sectional area of eccentric hoop in square inches » 8 '75, or 8 J square 
Inches. 

Diameter of eccentric pin in inches =2*24, or 2] inches. 

Breadth of valve lever for eccentric pin at eye in inches =5*7, or very 
nearly 5] inches. 

Thickness of valve lever for eccentric pin at eye in inches =3. 

Breadth of parallel motion crank at eye = 4*2 inches, or very nearly 4 J 
inches. 

Thickness of parallel motion crank at eye =1*76 inches, or about 1} 
inches. 



Table in page 137. — This table gives the area in square inches of each 
steam port Suppose it were required to find the area of each steam port 
for an engine whose stroke is 8 feet, and diameter of cylinder 64 inches. 
In the column headed 8, and in a line with 64, there stands the number 
202*26. Hence, according to the table, the area of each steam port would 
be about 202| square inches. 

With regard to the rule from which this table is calculated, we may 
remark that the area of the steam port ought to depend principally upon 
the cubical content of the cylinder, which again depends entirely upon 
the product of the square of the diameter of the cylinder and the length of 
the stroke of the engine. It is well known, however, that the quantity of 
steam admitted by a small hole does not bear so great a proportion to the 
quantity admitted by a larger one, as the area of the one does to the area 
of the other ; and a certain allowance ought to be made for this. In the 
absence of correct theoretical information on this point, we have attempted 
to make a proper allowance by supplying a constant ; but of course this 
plan ought only to be regarded as an approximation. Our rule is as fol- 
lows: 

Rule. — To find the area of each steam port. — Multiply the square of the 
diameter of the cylinder in inches by the lettgth of the stroke in feet ; multiply 
this product by l\ ; divide the last product by 1800 ; and, finally, to the quo- 
tient add 8. The result is the area of each steam port in square inches. 

To show the use of this rule, we shall apply it to a particular example. 
We shall apply it to an engine whose stroke is 6 feet, and diameter of 
cylinder 30 inches. Then, according to the rule, we have 

30 = diameter of the cylinder in inches. 
30 

900= square of diameter. 
6= length of stroke in feet. 



5400 
11 



59400 -r 1800 



:33 

8: 



'Constant to be added. 



41 =area of steam port in square inches ; 



which agrees with the area given in the tables. 

When the length of the opening of steam port is fi'om any circumstance 
found, the corresponding depth in inches may be found, by dividing the 
number given in the table, as corresponding to the particular engine, by 
the given length in inches : conversely, the length may be found, when for 
some reason or other the depth is fixed, by dividing the number given in 
the table, as corresponding to the particular engine, by the given depth in 
inches : the quotient is the length in inches. 

Table in page 138. — This table is useful for determining the diameter of 
the steam pipe branching olT to any particular engine. Suppose it were 
required to find the diameter of the branch steam pipe for an engine whose 
stroke is 8 feet, and diameter of cylinder 64 inches. In the column headed 
8, and in a line with 64, there stands the number 13*15. Hence, according 
to the table, the proper diameter of the steam pipe would be between 13 
and 13| inches. 

With regard to the rule from which the table is calculated, we would 
make the same remarks as those we have made upon the rule for calcu- 
lating the table in page 137. The following rule will be found to give the 
proper diameter of steam-pipe for all sizes of engines. 



Rule. — To find the diameter of branch steam pipe. — Multiply together the 
square of the diameter of the cylinder in inches, the length of the stroke in 
feet, and *00498 ; to the product add 10*2, and extract the square root of the 
sum. The result is the diameter of the steam pipe in inches. 

To exemplify the use of this rule we shall take an engine whose stroke 
is 8 feet, and diameter of cylinder 64 inches. In this case we have as 
follows : — 

64 =diameter of cylinder in inches. 

64 

4096 = square of diameter. 
8= length of stroke in feet 



32768 



163*18 
10*2 



*0O498= constant multiplier. 
= constant to be added. 



173*38 



and ^/173*38 = 13*16, 

which agrees very closely with the number given in the table. 

Table in page 139. — This table gives the diameter of several of the 
pipes connected with the engine. They are made to depend upon the 
nominal horse power of the engine. Suppose it were required to apply 
this table to determine the size of the pipes for two marine engines, whose 
strokes are each 8 feet, and diameters of cylinder each 64 inches. Re- 
ferring to the table of nominal horse power in pages 96 and 97, we find 
the nominal horse power of each of these engines to be 174*3, or nearly 
175 horse power. Hence, according to the table, we have in succession. 
Diameter of waste water pipe = 15*87 inches, or between 15} 
and 16 inches. 

Area of foot- valve passage =323 square inches. 
Area of injection pipe =14*88 square inches. 
If the injection pipe be cylindrical, then by referring to the table in page 
24, we see that its diameter would be about 4J inches. 

Diameter of feed pipe =4* 1 2 inches, or between 4 and 4^ inches. 
Diameter of waste steam pipe=> 12*17 inches, or nearly 12{ inches. 
Diameter of safety valve. 

When one is used =14*05 inches. 
When two are used = 9*94 inches. 
When three are used = 8*12 inches. 



When four are used 



•?., 



04 inches. 



These columns are calculated from the following rules, which will give 
the correct dimensions for all sizes of engines. 

Rule 1. — To find the diameter of waste water pipe. — Multiply the aquart 
root oftlie nominal horse power of the engine by 1*2. The product is the 
diameter of the waste water pipe in inches. 

Rule 2. — To find tJte area of foot-valve passage. — Multiply the nomtTud 
horse power of the engine by 9 ; divide the product by 5 ; add B to the 
quotient. The sum is Uie area of foot-valve passage in square inches. 

Rule 3. — To find tlie area of injection pipe. — Multiply the nominal horse 
power of the engine by *069 ; to the product add 2*81. The sum is the area 
of tiie injection pipe in square inches. 

Rule 4. — To find the diameter of feed pipe. — Multiply the nominal horse 
power of Uie engine by *04 ; to the product add 3 ; extract the square root 
of the sum. Ihe result is the diameter of Hie feed pipe in inches. 

Rule 5. — To find ihe diameter of waste steam pipe. — Multiply the collective 
nominal horse power of the engines by '375 ; to the product add 16*875 ; 
extract the square root oftlie sum. The final result is Uie diameter of the 
waste steam pipe in inches. 

Rule 6 To find the diameter of the safety valve when only one is used. 

To one half the collective nominal horse power of the engines add 22*5 ; ex- 
tract the square root of the sum. The result is the diameter of the safeljf 
valve when only one is used. 

Rule 7. — To find the diameter of the safety valve when two are used. — Mul- 
tiply the collective nominal horse power of tlie engines 6y *25 ; to the product 
add 11*25 ; extract the square rootoftlie sum. The result is the diameter 
of tfte safety valve when two are used. 

Rule 8. — To^find tJie diameter of the safety valve when three are used: — 
To one sixth qfthe collective nominal horse power of the etigines add 7*5 ; 
extract the square root of the sum. The result is the diameter of the safety 
valve where Uiree are used. 

Rule 9. — To find the diameter of the safety valve when four are used, — 
Multiply the collective nominal horse power of the engines 6y *125 ; to the 
product add 5*625 ; extract the square root of the sum. The result is the 
diameter of the safety valve wlienfour are used. 

Another rule for safety-valves, and a preferable one for low pressures, 
is to allow *8 of a circular inch of area per nominal horse power, as men- 
tioned at page 198. 

Table in page 140. — This is for determining the depth across the web 
of the main beam of a land engine. Suppose we wished to find the proper 
depth at the centre of the main beam of a land engine whose main beam ia 
16 feet long, and diameter of cylinder 64 inches. In Ihe column headed 
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8, and in aline with 64, there stands the number 46*17. Hence, according 
to the table the proper depth of the veb across the centre is between 46 
and 46 J inches. Referring back to the table in page 134, we find, in the 
column headed 16, and in a line with 64, the number 36*51 ; thus showing 
that the corresponding depth of a side lever is less by nearly 10 inches. 
The depth of Uie bead on edge of the beam varies in different engines, but 
the proportions of the example given at page 208 are commonly employed. 
The table is calculated from the following rule, which gives correct 
dimensions for all sizes of engines. 

Rule. — To find the depth of the web at the centre of the main beam of a land 
engine, — Mvkiphf together Ute itquare of the diameter of Uie qflinder in 
inchee, half the length of the main beam in feet, and the number 3 ; extract 
the cvhe root of the product The result ie the proper depth of the web of the 
main beam across the centre in inches, when the main beam is constructed of 
cast iron. 

To illustrate this rule we shall take the particular example of an engine 
whose main beam is 20 feet long, and the diameter of the cylinder 64 
inches. In this case we have. 





64=: 

64 


s diameter of cylinder in inches. 




4096- 
10 = 


■ square of the diameter. 

s) length of main beam in feet 




40960 
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122880(49*714 = 
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58880 
53649 
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4 




4800 
1161 


5231 
5112 


120 
9 




5961 
1242 


119 

74 


129 
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138 
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7203 
10 

730 
10 


35 



^122880 



147 



741 



Table in page 141. — This table is for determining the depth of the 
main beam across the ends. Suppose it were required to find the depth at 
ends of a cast-iron main beam whose length is 20 feet, when the diameter 
of the cylinder is 64 inches. In the column headed 10, and in a line with 
64, there stands the number 19*85. Hence, according to the table, the 
proper depth would be between 19] and 20 inches. 

This table is calculated from the following rule, which gives the proper 
dimensions for all sizes of engines. 

Rule. — To find the depth of main beam at ends, — Multiply together the 
square of Ute diameter of the cylinder in inches^ half the length of the main 
beam in feet, and the number *192 ; extract the cube root of the product. 
The result is the depth in inches of the main beam at ends, when of cast- 



tron. 



To illustrate this rule, let us apply it to the particular example of an 
engine whose main beam is 20 feet long, and the diameter of the cylinder 
64 inches. In this case we have as follows : 



64 
64 



4096 
10^ 

40960 
•192. 



(diameter of cylinder in inches 

'Square of diameter of cylinder. 
'\ length of main beam in feet 

! constant multiplier. 



7864*32 
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1 
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7864 -32(19 -89 = -^7864*32 
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6864 
585 


2 
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300 
351 


1005 
898 


30 
9 

39 
9 


651 
432 

1083 

4 


107 


48 
9 


112 

4 





57 116 

SO that, according to the rule, the depth at ends is nearly 20 inches. 



Table in page 142. — This table gives the dimensions of the feed-pump 
in cubic inches. It may be useful for determining the diameter of the 
pump when its stroke is given ; for, dividing the content of the feed-pump 
by the stroke of the pump in inches, the quotient is the area ; and from 
this area the diameter may easily be found by reference to the table in 
pages 24 and 25. Conversely, the table may be useful for determining the 
stroke when the diameter of the pump is given ; for dividing the number 
in this table corresponding to the given engine, by the area corresponding 
to the given diameter, which area may be found from the table in pages 
24 and 25, the quotient is the stroke of the pump in inches. Suppose we 
take the particular example of an engine whose stroke is 8 feet, and dia- 
meter of cylinder 64 inches. The proper content of the feed-pump, accord- 
ing to the table, would be 1093*36 cubic inches. Suppose, now, that the 
cold-water pump was suspended from the main beam at a fourth of the dis- 
tance between the centre and the end, so that its stroke would be 2 feet, or 
24 inches. In this case the area of the pump would be equal to 1 093*36 -r 
24=45*556 square inches ; so that we conclude, from the table in pages 24 
and 25, that the diameter is between 7^ and 7j inches. Conversely, sup- 
pose that it was wished to find the stroke of the pump when the diameter 
was 5 inches. Referring to the table in pages 24 and 25, we find the area 
of the pump to be 19*G35 square inches ; so that the stroke of the feed- 
pump must be equal to 1093*36 — 19*635 = 55*69 inches, or very nearly 55] 
inches. 

This table is calculated from the following rule, which will be found to 
give correct dimensions for all sizes of engines : 

Rule. — To find the content of the feed-pump. — Multiply the square of the 
diameter of the cylinder in inches by the length of the stroke in feet ; divide 
the product by 30. The^ quotient is t/ie content of the feed-pump in cubic 
inches. 

Thus, for an engine whose stroke is 6 feet, and diameter of cylinder 50 
inches, we have, 

50— diameter of cylinder. 
50 

2500 B square of the diameter of the cylinder. 
6 = length of stroke in feet. 



30)15000 



500 « content of feed-pump in cubic inches. 

Table in page 143. — This is a table for determining the content of the 
cold-water pump in cubic feet. It may be useful either for determining 
the diameter of the pump when its stroke is given, or, conversely, for deter- 
mining the stroke of the pump when its diameter is given. To illustmte 
this, suppose we take the particular example of an engine whose stroke is 
8 feet and diameter of cylinder 64 inches. In the column headed 8, and 
in a line with 64, there stands the number 7*45. Suppose, now, the stroke 
of the pump to be 5 feet, then the area equal to 7*45 + 5 = 1*49 square feet 
=214*56 square inches ; so that, referring to the table in pages 24 and 25, 
we see that the diameter of the pump is about 16J inches. Again, suppose 
that the diameter of the cold-water pump was 20 inches, and that it was 
required to find the length of its stroke. We find, from the table in pages 
24 and 25, that the area of the pump is 314*16 square inches, or 314*16 -r 
144 = 2*18 square feet ; so that the stroke of the pump is equal to 7*45 -r- 
2*18 = 3*42 feet 

This table is calculated from the following rule, which will be found to 
give correct dimensions for all sizes of engines: 

Rule. — To find the content of the cold-water pimp. — Multiply the square of 
tlie diameter of tlie cylinder in inches by the length of the stroke in feet ; 
divide the product by 4400. The quotient is the content of the cold-water 
pump in cubic feet 

To explain this rule we shall take the particular example of an engine 
whose stroke is 5} feet, and diameter of cylinder 60 inches. In this case 
we have in succession, 

60= diameter of cylinder in inches. 
_60 

3600= square of the diameter of cylinder. 
5i= length of stroke in feet 



4400)19800 



4*5= content of cold-water pump in cubic feet. 
Some further remarks on the feed and cold-water pumps will be found 
at page 215. 

Table in page 144. — This table is for determining the proper thickness 
of the large eye of crank for fly-wheel shaft when the crank is of cast iron. 
The crank is sometimes cast on the shaft, and of course the thickness of 
the large eye is not then so great as when the crank is only keyed on the 
shaft, or rather there is then no large eye at all To illustrate the use of 
this table we shall apply it to the particular example of an engine whose 
stroke is 8 feet, and diameter of cylinder 64 inches. In the column 
headed 8, and in a line with 64, there stands the number 8*07. Hence, 
according to the table, the proper thickness of the large eye of crank when 

c c 2 
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of cut iron it tbont S incliei. Refemag to the table in ptge 136, in the 

eolniiiD headed S, and in a line with 64, there atandi tbe number 5-77 : 
ao that for a mariae engine ot 8 feet itrolie, and 6i inch cjliitder, tlic 
thickneei of tbe large e;e of oraok is about SJinchei. The difference ia 
thm about S^ inchea, which ia an allowance for the inferiority of caat iron 
to malleable iron. 

This table ia calculated from the following rale, which will be found to 
give correct dimenaiona for all aiiea of enginea : 

Rdle. — To find CAc Ihicluuu of iJie largt tyt of crank for fty-vhtd iliafl 

tcitno/autiron. — MuUiplg iht tquart of lit length cflii erani in ucAu 
bg 1'561, and lAm nnJtnJj the *qiiart of tkt dianuter of the ci^inder in 
inchet by '123S ; mullipfy the mm of that product! by (Ae igmrt of the 
dianieter of cylinder in incha ; divide Oiii product by 666-2B3 ) divide Ihii 
gvotient by the length of the crank in tncket ,- JinaUy extract the cuhe root of 
the quotient. The remit ii the proper Ihichita of the Jorge eye of crani far 
Jty-tahe^ ehafl in incAei, ahen of cait iron. 

Aa this role i« rather complicated, we shall show in application to the 
parlicalar example already Belecied. For this psrticnlar example we have 

4S=lengthof crankin inche*. 

48 

£304 — aqnnre of lenj^b of ciaokia inehei^ 
I'SGl —constant multiplier. 
3596-5 

64— diameter of cylinder in inches. 

64 



666 283 ) 1680302 0-8 
length of crank-4S )3Sai9-0«a 
53S-397 

andysas-aa? =8-07 nearly. 

Table in page 149.— Thit ia a table for determining the breadth of the 
web of crank at the centre of the fly-wheel shaft, that ii to say, the breadth 
which it would hBTe if it were continued to the centre of the fly-wheel 
tbaft. Suppo&e it were required to find the breadth of the crank at the 
centre of the flj-wheel shaft for an engine whose stroke is 8 feel, and dia- 
meter of cylinder 64 inches. In the colunm headed B, and in s line with 
64, there stands the number S2-49. Hence, according to the table, the 
proper breadth ii aboDt 221 inches. Referring to the table in page 125, in 
tbe column headed 8, and in a line with 64, there stands the number \''99. 
Hence, according to that table, the breadth of the web of a cast-iron crank 
of an engine whose stroke is 8 fbet, and diameter of cylinder 64 inches, 
is abonl 18 inches. The difference between these two Is about 4J inches ; 
which is not loo great an allowance for the inferiority of the east iron. 

This table is cdculated from the following role, which will be found to 
give correct dimensions for all sixet of engines; 

RoLB.— Tojiitd the breadth of Ike totb of crank aljly-aheel liafl, vihen of 
colt inm. — Midtlply the tquare of the ienglli of Ae crank in inchei by 
1-iGl, and then multiply the ignore of the duawler of the cylinder in inckei 
by -1335 ; multiply Ae iguare root of the itnn of thete productt by the tguare 
ef the diameter of the cylinder in inchei ; divide the product by 93'04, and 
family trtracl the cube root of the ituotienl. The final renlt it the breadth 
of the cranh at the centre ef the fiy-trhed ehafl, uihen the crank it of cait 

As this rule is nther complicated, we shall illonraie it by showing its 
applitatlon to the particular example of an engine whose stroke is 8 feet, 
and diuneler of cylinder 64 inches. For this engine, fbllowing the direc- 
tions of the rule, we hav 



64— diameter of cylinder in inche*. 



48-'letig<hof cnukin tnche*. 



constant diriiOT— 33-04 ) a6a348-3 

11386-66 nearly, 
and.)' 1 1386-65 -! 2-4 9, 

Table in p^e 146.— This ia a table for determining the thickneia of the 
web <^ crank at tbe centre of the fl;-«heel shaft ; that is to aay, the thick- 
nen which it would haTe if it were continued so &r. Suppose it were 
required to find the thickness of web of crank at the centre of fly-wheel 
shaft of an engine whose stroke is 8 feet, and diameler of cylinder 64 inchea- 
In the column headed 6, and in a line with 64, there stands the number 
11-26. Hence, according to the table, the proper thickness would be about 
llj inches. Refening to the table ia page 127, in the column headed 8, 
and in a line with 64, there stands the number 8-93. Hence, the proper 
thickness of web at centre t^ paddle shaft for a marine engine whoae stroke 
is 8 feet, and diameter of cylinder 64 inches, ia nearly 9 inchea. The 
difference between the two thiclcnessos is about 3) inches, which is not 
too great an allowance for the infenorily of cast iron to nullcable iron. 
Thia table ia calculated fl^im the following rule, which will be fbnnd to 
gite correct dimensions for all sizes of engine* : — 



by 1-561, and then midtip/y tht mpiare of tht diameler of the cylinder in 
inchetby -133S ,- tnidliply the tquare root of tht am of Ihue productt by the 
tquare of the diameler of the cylinder in inchei ,- divide thit product by 
184-33; finally extract the ciiie root of the quotient Theretult itthethici- 
nett of the uxb of crank at the centre of the Jly-ahed ihaft what ofcatt 
iron, in inehei. 

As thia role is tvther complicated, we shall illustrate it by aftplyin^ it to 
the particnlar engine which we haTe already selected- For thi* engine we 

48 •= length of crank in inches. 



64— diameter of cylinder in inchea. 
6* 
4096— sqnare of the diameter of cyliDder. 



3596-5 

4l02'3— sum of products. 



Constant divisor- 184-3 2) 263348-5 

1423-33 

and J'1433'33-ll-a5. 

Table in page 147. — This isa tablefor determining the proper diameler 
of the fly-wheel shaft at its smallest part, when, as is osually the case, it ia 
of cast iron. Suppose it was required to find the diameter of the fly-wheet 
shaft far an engine whose stroke is 8 feet, and diameler of cylinder 64 
inches. In the column headed 8, and in a line with 64, there stands the 
number 17-S9 ; so that according to the table tbe diameter would be abont 
17^ inches. It is obvioas enoagh that the fly-wheel siiatt stands in much 
the same relation lo tbe land en^ne, as tbe paddle shaft does to the marine 
engine. Referring to the table in page 12B ; in the column headed 8, and 
in a line with 64, diere stands the number 14-06. Hence, according tothat 
table, the diameter of the paddle-shatl journal of a marine engine whose 
stroke is 8 feel, and diameter of cylinder 64 ioches, is about 14 inchea. 
The difference betwixt the diameter of the paddle shaft for the marine 
engine, and the diameter i^ (he fly-wheel shaft for the corresponding land 
engine is about 3J inches. This will be found to be a tci? proper allowance 
for the differenl circumstances connected with tbe land engine. 

This table has been calculated from the following nile, which will b» 
found to giie correct dimenuoni for all sixes of engines -. 

RVLE. — To find the diameter of the fly-wheel ihaftal tmaUettpart. when it 
iiofcatt iron. — Multiply the iquart of the diameler of the cylinder I'a 
inchei by the length of Ae crank in inehei; eztraci the ciibe root of Oie pro- 
duct f finally midliply the retuii IvSOSS. The niuit ii Ae diamHer of tht 
fiy-aheel iluift at imalleitparl in inchet. 
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e4aiduuneter of the cylinder in inches. 
64 

4096 a square of the diameter. 
48 a length of crank in inches. 
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25 

25 
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196,608 (58'15--yi9660fi 
125 

71608 
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50 


70112 


10 


7500 


1496 
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1264 


1011 


150 


8764 


485 
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1328 




158 


10092 




8 


2 




166 


1011 




8 


2 





174 



1013 



and 58*15 x *S025« 17*59 

which agrees with the nnmber given in the table. 

Tables in pages 148. and 149. — These tables are for determining the 
sectional area of the fly-wheel rim when of cast iron. The method of using 
them is explained in a role in page 149. Suppose it were required to find 
the sectional area of the rim of a fly-wheel for an engine whose stroke is 
8 feet, and diameter of cylinder 64 inches, the diameter of the fly- 
wheel itself being 30 feet Referring to table A ; in the column headed 8, 
and in a line with 64, there stands the number 146*4. Referring to table 
B ; in the column headed 8, and in a line with 30, there stands the number 
-813. Hence, according to the rule in table B, the sectional area of the 
rim in square inches » 146*4 x*8 13 ell 9*02. We may remark that these 
tables hare been calculated on the supposition that the fly-wheel is so con- 
nected with the engine, as to make exactly one revolution for each double 
stroke of the piston. If the fly-wheel is so connected with the engine 
as to make more than one revolution for each double stroke, then the 
rim does not need to be so heavy as these tables would make it If, on 
the contrary, the fly-wheel does not make a complete revolution for each 
doable stroke of the engine, then it ought to be heavier thau our tables 
make it With regard to the rules from which these tables have been 
calculated, it would be useless to give a rule for each of them separately. 
It will be sufficient if we give a rule fbr determining the sectional area at 
once. 

Buix. — To find the sectional area of the rim of the fly-wheel, when of coat 
iron, — Mvltiply together the square of the diameter of the oflinder in inches^ 
the square of the length of the stroke in feet, the cube root of the length of 
the stroke in feet, and 6*125 ; divide the final product by the cube of the 
diameter of Ae fly-wheel in feet. The quotient is the sectional area of the 
rim qffly-whed in square inches, provided it is of cast iron. 

As this rule is rather complicated, we shall endeavour to illustrate it by 
showing its application to a particular engine. We shall apply the rule to 
determine the sectional area of the rim of fly-wheel for an engine whose 
stroke is 8 feet, diameter of cylinder 50 inches ; the diameter of the fly- 
wheel being 20 feet For this engine we have as follows : 

2500 b square of the diameter of cylinder. 
64 = square of the length of stroke. 



160000 

2 s=cube root of the length of stroke. 

320000 
6*125 =: constant multiplier. 

1960000 

therefore sectional area in square inches — 1 960000 -r 20*3: 1960000-r8000 
-1960 -r8«- 245. 

We would find the same area from the table thus. Referring to table 
A ; and in the column headed 8 and in a line with 50, there stands the 
number 89*29. Referring to table B ; in the column beaded 8, and in a 
line with 20, there stands the number 2*74. Hence, according to the rule 
ffiven in the heading to table B, sectional area of fly-wheel rim in square 
niches —89*29 x 2'74»244*66 ; or very nearly 245 square inches. 

We may here introduce the remainder of the formula fh)m which the 
preceding tables have been calculated, which we omitted at page 106. In 
the following formuUe we denote the diameter of the cylinder in inches by 
D, the length of the crank in inches by R, the length of the stroke in feet, 
and the nominal horse power of the engine by H. P. 

MABIHS ENGINES. — DIMENSIONS OF SEVERAL OF THE PARTS OF THE 

SIDE LEVER. 

Depth of eye round end studs of lever »*074 x D. 
Thickness of eye round end studs of levers *052 x D. 



Diameter of end studs, in inches Bi*07 x D. 
Length of end studs, in inches »*07 6 x D. 
Diameter of air-pump studs, in inches » *045 x D. 
Length of air-pump studs, in inches s*049 x D. 

Depth of cast*iron side lever across centre, in inchesaDIx {*7423x 

length of lever in feet]i> 

MARINE ENGINE. — DIMENSIONS OF SEVERAL PARTS OF AIR-PUMP 

CROSS-HEAD. 

Diameter of ur-pump, in inches b*6 x D. 
Thickness of eye for air-pump rod, in inches b*025 x D. 
Depth of eye for air-pump rod, in inches = '171 x D. 
Diameter of end journals, in inches =b*051 x D. 
Length of end journals, in inches » *058 x D. 
Thickness of web at middle, in inches «*043 x D. 
Depth of web at middle, in inches ==*161 x D. 
Thickness of web at journal ='037 x D. 
Depth of web at journal »*061 x D. 

MARINE ENGINE. — DIMENSIONS OF THE PARTS OF AIR-PUMP 

PISTON ROD. 

Diameter of air-pump piston rod when of copper, in inches » •067 x D. 
Depth of gibs and cutter through cross-head, in inches »*063 x D. 
Thickness of gibs and cutter through cross-head, in inches ai*0 13 x D. 
Depth of cutter through piston, in inches »*051 x D. 
Thickness of cutter through piston, in inches =*021 x D. 

MARINE ENGINE. — DIMENSIONS OF THE REMAINING PARTS OF THE 

AIR-PUMP MACHINERY. 

Diameter of air-pump side rods at ends, in inches a *039 x D. 

Breadth of butt, in inches b*046 x D. 

Thickness of butt in inches » *037 x D. 

Mean thickness of strap at cutter, in inches b*0 19 x D. 

Mean thickness of strap below cutter, in inches >b*014 x D. 

Depth of gibs and cutter, in inches b*048 x D. 

Thickness of gibs and cutter, in inches bD~ 100. 

MARINE AND LAND ENGINES. — AREA OF STEAM PORTS. 

Area of each steam port, in square inches^ 11 x / x D'-^ 1800 + 8. 

MARINE AND LAND ENGINES. — DIMENSIONS OF BRANCH STEAM PIPES. 



Diameter of each branch steam pipe « v^*00498xTxD"Tl 0*2. 

MARINE ENGINE. — DIMENSIONS OF SEVERAL OF THE PIPES CONNECTED 

WITH THE ENGINE. 

Diameter of waste water-pipe, in inches « 1*2 x v^flTP. 
Area of foot- valve passage, in square inches a 1'8 x H.P. + 8. 
Area of injection pipe, in square inches » '069 x H.P. + 2*81. 

Diameter of feed-pipe, in inches ^^ ^/'04 x H. P. -f 3. 



Diameter of waste steam-pipe, in inches » ^/•375 x H.P. + 16*875. 

MARINE AND LAND ENGINES. — DIMENSIONS OF SAFETY- VALVES. 



Diameter of safety-valve, when one only is used« v^*5 x H. P. + 22*5. 
Diameter of safety-valve, when two are usedas -/•25 x H. P. -h 1 1*25. 
Diameter of safety-valve, when three are useds a/*167 x II. P + 7*5! 



Diameter of safety-valve, when four are useds ^'125 x H. P. + 5*625. 

LAND ENGINE. — DIMENSIONS OF MAIN BEAM. 

Depth of web of main beam across centre » 

^3 X D* X half length of main beam in feet 
Depth of main beam at ends^ 

^*192 X D" X half length of main beam, in feet 

LAND AND MARINE ENGINES. — CONTENT OF FEED-PUMP. 

Content of feed-pump, in cubic inches a D* x /-^30. 

LAND ENGINES. — CONTENT OF COLD-WATER PUMP. 

Content of cold-water pump, in cubic feet^D* x /-r4400. 

LAND ENGINES. — DIMENSIONS OF CRANK. 

Thickness of large eye of crank, in inches » 



yD« X (1*561 X R«-f -1235 D»)-i-(R x 666*283). 
Breadth of web of crank at fly-wheel shaft centre, in inches «> 

^D« X ^(1*561 X R«-f *1235 x D»)-f.23*04. 
Thickness of web of crank at fly-wheel shaft centre, in inches > 

-yD» X ^(1*561 X R«-f 1235 x D*)-:- 184*32. 
LAND ENGINES.— DIMENSIONS OF FLY-WHEEL SHAFT. 



Diameter of fly-wheel shaft, when of cast-iron, =3025 x ^R x D*. 
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Dimensions of Parts of Locomotives, 



CHAPTER VIL 



DIMENSIONS OF PARTS OF LOCOMOTIVES. 



DIAKETER OF CYLINDER. 

In locomotiye engines the diameter of the cylinder varies less than in 
either the land or the marine engine. In few of the locomotive engines 
at present in nse is the diameter of the cylinder greater than 16 inches, or 
less than 12 inches. The length of the stroke of nearly all the locomotive 
engines at present in ose is 18 inches, and there are always two cylinders, 
which are generally connected to cranks upon the axle, standing at right 
angles with one another. Outside cylinders, operating upon pins in the 
driving wheels, have latterly been largely introduced ; but they cause much 
oscillation of the engine ; though this defect might be remedied by making 
the pistons move simultaneously, and putting another cylinder in the centre 
of the carriage to act upon a crank at right angles with the pins. 

AREA OF INDUCTION PORTS. 

RiTLE. — To find the size of the steam ports for the locomotive engine. — Multiply 
the square of the diameter of the cylinder by *068. The product is the 
proper size of the steam ports in square inches. 

Example, — Required the proper size of the steam ports of a locomotive 
engine whose diameter is 15 inches. Here, according to the rule, size of 
steam ports = '068 x 15 x 15— '068 x 225 = 15 3 square inches, or between 
15^ and 15] square inches. 

After having determined the area of the ports, we may easily find the 
depth when the length is given, or, conversely, the length when the 
depth is given. Thus, suppose we knew the length was 8 inches, then 
we find that the depth should be 1 5-3 -r8 = 1*9125 inches, or nearly 2 
inches ; or suppose we knew the depth was 2 inches, then we would find 
that the length was 15*3 -i- 2 = 7*65 inches, or nearly 7) inches. 

AREA OF EDUCTION PORTS. 

The proper area for the eduction ports may be found fh)m the following 
rule. 

Rule. — To find the area of the eduction ports. — Multiply the square of the 
diameter of the cylinder in inches by *128. The product is the area of ihe 
eduction ports in square inches^ 

Example. — Required the area of the eduction ports of a locomotive 
engine, when the diameter of the cylinders is 13 inches. In this example 
we have, according to the rule, 

area of eduction ports*128 x 13*«s*l28 x 169^21*632 inches, 
or between 21^ and 21 J square inches. 

BREADTH OF BRIDGE BETWEEN PORTS. 

The breadth of the bridges between the eduction port and the induction 
ports is usually between ] inch and 1 inch. 

DIAMETER OF BOILER. 

It is ob^ouB that the diameter of the boiler may vary very considerably ; 
but it is limited chiefly by considerations of strength ; and 3 feet is found a 
convenient diameter. Some rules for the strength of boilers are given at 
page 230. 

Rule. — To find the inside diameter of the boiler — Multiply the diameter of 
the cylinder in inches by 3'1\. The product is the inside diameter of the 
boiler in inches. 

Example. — Required the inside diameter of the boiler for a locomotive 
•ngine, the diameter of the cylinders being 15 inches. 

In this example we have, according to the rule, 

inside diameter of boiler = 15 x 3*1 1» 46*65 inches, 
or about 3 feet 10} inches. 

LENGTH OF BOILER. 

The length of the boiler is usually in practice between 8 feet and 8J 
feet. In the Northern and Eastern Counties Railway the length of the 
boiler is 8 feet ; while in the North Midland Counties Railway, in the Great 
Western Railway, and in the Hartlepool Railway, the length of the boiler 



is 8^ feet In the Belgian railways the length of the boiler is 8 feet 
2 inches. And in the Bourdeaux et La Teste railway the length of the 
boiler is 8 feet 9 inches. In Stephenson's specification for improvements 
in the arrangement and combiuation of the parts of locomotive engines, the 
length of the boiler is between 11 and 12 feet 

DIAMETER OF STEAM DOME INSIDE. 

It is obvious that the diameter of the steam dome may be varied consi- 
derably, according to circumstances ; but the first indication is to make it 
large enough. It is usual, however, in practice, to proportion the dia- 
meter of the steam dome to the diameter of the cylinder; and there 
appears to be no great objection to this. The following rule will be found 
to give the diameter of the dome usually adopted in practice. 

Rule. — To find the diameter of the steam dome. — Multiply die diameter of 
the cylinder in inches by 1*43. The product is the diameter of the dome in 
inches. 

Example. — Required the diameter of the steam dome for a locomotive 
engine whose diameter of cylinders is 13 inches. In this example we 
have, according to the rule, 

diameter of steam dome » 1*43 x 13 » 18*59 inches, or about 18J inches. 

HEIGHT OF STEAM DOME. 

The height of the steam dome may vary. Judging from practice, it 
appears that a uniform height of 2J feet would answer very welL 

DIAMETER OF 84FETT VALVE. 

In practice the diameter of the safety valve varies considerably. The 
following rule gives the diameter of the safety valve usually adopted in 
practice. 

Rule. — To find the diameter of the safety valve. — Divide the diameter qfthe 
cylinder in inches by 4. T*he quotient is the diameter qfthe safety vawe in 
inches. 

Example. — Required the diameter of the safety valves for the boiler of 
a locomotive engine, the diameter of the cylinder being 13 inches. Here, 
according to the rule, diameter of safety valve— 13—4 »3J inches. A 
larger size, however, is preferable, as being less likely to stick. 

DIAMETER OF VALVE SPINDLE. 

The following rule will be found to give the correct diameter of the 
valve spindle. It is entirely founded on practice. 

Rule. — To find the diameter of the valve spindle. — Multiply the diameter of 
the cylinder in inches by -076. The product is the proper diameter qf die 
valve spindle. 

Example. — Required the diameter of the valve spindle for a locomotive 
engine whose cylinders' diameters are 13 inches. 

In this example we have, according to the rule, 
diameter of valve spindle » 13 x *076b*988 inches, or very nearly 1 inch. 

diameter OF CHIMNEY. 

It is usual in practice to make the diameter of the chimney equal to the 
diameter of the cylinder. Thus a locomotive engine whose cylinders' 
diameters are 15 inches would have the inside diameter of the chimney 
also 15 inches, or thereabouts^ This rule has, at least, the merit of sim- 
plicity. 

AREA OF FIRE-GRATE. 

The following rule determines the area of the fire-grate usually given in 
practice. AVe may remark, that the area of the fire-grate in practice fol- 
lows a more certain rule than any other part of the engine appears to do ; 
but it is in all cases much too small, and occasions a great loss of power by 
the urging of the blast it renders necessary, and a rapid deterioration of the 
furnace plates from excessive heat There ib no good reason why the 
furnace should not be nearly as long as the boiler : it would then res«mble 
the furnace of a marine boiler, and be as manageable. 
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Rule. — To find the area of the fire-grate. — Multiply the diameter of the 
cylinder in inches by 'TJ. The product is the area of the fire-grate in 
superficial feet 

Example, — Required the area of the fire-grate of a locomotive engine, 
the diameters of the cylinders being 15 inches. 

In this example we have, according to the rule, 

area of fire-grate = '77 x 15 = 11 '55 square feet, 
or about 11) square feet Though this rule, however, represents the usual 
practice, the area of fire-grate should not be contingent upon the size of 
the cylinder, but upon the quantity of steam to be raised. 

AREA OF HEATING SURFACE. 

In the construction of a locomotive engine, one great object is to obtain 
a boiler which will produce a sufficient quantity of steam with as little bulk 
and weight as possible. This object is admirably accomplished in the con- 
struction of the boiler of the locomotive engine. This little barrel of tubes 
generates more steam in an hour than was formerly raised from a boiler 
and fire occupying a considerable house. This favourable result is obtained 
simply by exposing the water to a greater amount of heating surface. 

In the usual construction of the locomotive boiler, it is obvious that we 
can only consider four of the six faces of the inside fire-box as effective 
heating surface ; viz. the crown of the box, and the three perpendicular 
sides. The circumferences of the tubes are also effective heating surface ; 
80 that the whole effective heating surface of a locomotive boiler may be 
considered to be the four faces of the inside fire-box, plus the sum of the 
surfiMies of the tubes. Understanding this to be the effective heating sur- 
fiu^ the foHowing rule determines the average amount of heating surface 
usually given in practice. 

Rule. — To find the effective heating surface, — Multiply the square of the 
diameter of the cylinder in inches by 5 ; divide the product by 2. The quo- 
tient is the area of the effective heating surface in square feet 

Examjde. — Required the effective heating surface of the boiler of a 
looomotiTe engine, the diameters of the cylinders being 15 inches. 

In this example we have, according to the rule, 
effective heating surface = 15' x 5 ~2 » 225 x 5 -r2s= 1125-^2 — 562) 
square feet 

According to the rule which we have given for the fire-grate, the area 
of the fire-grate for this boiler would be about 1 1 J square feet We may 
suppose, therefore, the area of the crown of the box to be 12 square feet. 
The area of the three perpendicular sides of the inside fire-box is usually 
three times the area of the crown ; so that the effective heating surface of 
the fire box is 48 square feet. Hence the heating surface of the tubes » 
526*5 —48 =478*5 square feet The inside diameters of the tubes are gene- 
rally about 1} inches ; and therefore the circumference of a section of these 
tubes, according to the table in page 24, is 5*4978 inches. Hence, sup- 
posing the tube to be 8| feet long, the surface of one =^5*4978 x 8J-rl2» 
-45815 X 81=3*8943 square feet And, therefore, the number of tubes = 
478*5 -r 3*8943= 123 nearly. The amount of heating surface, however, like 
that of grate sur&ce, is properly a function of the quantity of steam to be 
raised, and the proportions of both, given at page 229, will be found to 
answer well for boilers of every description. 

AREA OF WATER-LEVEL. 

This of course varies with the different circumstances of the boiler. The 
average area may be found from the following rule. 

Rule. — To find the area of the water-level. — Multiply the diameter of the 
cylinder in inches by 2*08. The product is the area of the water-level in 
square feet 

Example, — Required the area of the water-level for a locomotive engine, 
whose cylinders* diameters are 14 inches. 
In this case we have, according to the rule, 

area of water-level = 14 x 2*08=29*12 square feet 

CUBICAL CONTENT OF WATER IN BOILER. 

This of course varies not only in different boilers, but also in the same 
boiler at different times. The following rule is supposed to give the aver- 
age quantity of water in the boiler. 

Rule. — To find the cubical content of the water in the boiler. — Multiply the 
square of die diameter of the cylinder in inches by 9 ; divide the product by 
40. lie quotient is the cubical content of the water in the boiler in cubic 
feet 

Example, — Required the average cubical content of the water in the 
boiler of a locomotive engine, the diameters of the cylinders being 14 inches. 
In this example we have, according to the rule, 

cubical content of water =9 x 14' -r 40 =44*1 cubic feet 

CONTENT OF FEED-PUMP. 

In the locomotive engine, the feed-pump is generally attached to the 
cross-bead, and consequently it has the same stroke as the piston. As we 
have mentioned before, the stroke of the locomotive engine is generally in 



practice 18 inches. Hence, assuming the stroke of the feed-pump to bo 
constantly 18 inches, it only remains for us to determine the diameter of 
the ram. It may be found from the following rule. 

Rule. — To find the diameter of the feed- pump ram. — Multiply the square of 
the diameter of the cylinder in inches by '011, The product is the diameter 
of the ram in inches. 

Example. — Required the diameter of the ram for the feed-pump for a 
locomotive engine whose diameter of cylinder is 14 inches. In this 
example we have, according to the rule, 

diameter of ram = *OIl x 14'=*0I1 x 196=2*156 inches, 
or between 2 and 2\ inches. 

CUBICAL CONTENT OF STEAM ROOM. 

The quantity of steam in the boiler varies not only for different boilers, 
but even for the same boiler in different circumstances. But when the 
locomotive is in motion, there is usually a certain proportion of the boiler 
filled with the steam. Including the dome and the steam pipe, the content 
of the steam room will be found usually to be somewhat less than the cubical 
content of the water. But as it is desirable that it should be increased, we 
give the following rule. 

Rule. — To find the cubical content of the steam room. — Multiply the square 
of the diameter of the cylinder in inches by 9 ; divide the product by 40. The 
quotient is the cubical content of the steam room in cubic feet 

Example. — Required the cubical content of the steam room in a loco- 
motive boiler, the diameters of the cylinders being 12 inches. 

In this example we have, according to the rule, 
cubical content of steam room =9 x r2'-r40=9 x 144 -r 40 =32*4 cubic 
feet 

CUBICAL CONTENT OF INSIDE FIRE-BOX ABOVE FIRE-BARS. 

The following rule determines the cubical content of fire-box usually 
given in practice. 

RuT^E. — To find the cubical content of inside fire-box above fire-bars. — 
Divide the square of the diameter of the cylinder in inches by 4, The quo- 
tient is the content of the inside fire-box above fire-bars in cubic feet 

Example. — Required the content of inside fire-box above fire-bars in a 
locomotive engine, when the diameters of the cylinders are each 15 inches. 

In this example we have, according to the rule, 
content of inside fire-box above fire-bars = 15'-r4 = 225-r4 = 56i cubic ft 

THICKNESS OF THE PLATES OF BOILER. 

In general the thickness of the plates of the locomotive boiler is J inch. 
In some cases, however, the thickness is only {^ inch. 

INSIDE DIABfETER OF STEAM PIPE. 

The diameter usually given to the steam pipe of the locomotive engine 
may be found from the following rule. 

Rule. — To find the diameter of the steam pipe of the locomotive engine. — 
Multiply the square of the diameter of the cylinder in inches by *03. The 
product is the diameter of the steam pipe in inches. 

Example. — Required the diameter of the steam pipe of a locomotive 
engine, the diameter of the cylinder being 13 inches. Here, according to 
the rule, diameter of steam pipe = '03 x 13* = "03 x 169 = 5*07 inches; or a 
very little more than 5 inches. The steam pipe is usually made too small 
in engines intended for high speeds. 

DIAMETER OF BRANCH STEAM PIPES. 

The following rule gives the usual diameter of the branch steam pipe for 
locomotive engines. 

Rule. — To find the diameter of the branch steam pipe for the locomotive 
engine. — Multiply the square of the diameter of the cylinder in inches by 
*02 1 . The product is the diameter of the branch steam pipe for the locomotive 
engine in inches. 

Example. — Required the diameter of the branch steam pipes for a loco- 
motive engine, when the cylinder*s diameter is 15 inches. Here, according 
to the rule, diameter of brainch pipe = *021 x 15' ='02 1 x 225 =4*725 inches, 
or about 4} inches. 

DIAMETER OF TOP OF BLAST PIPE. 

The diameter of the top of the blast pipe may be found fh>m the follow. 
ing rule. 

Rule. — To find the diameter of the top of the blast pipe. — Multiply the 
square of the diameter of the cylinder in inches by 'QXT, The product is the 
diameter of the top of the blast pipe in inches. 

Example. — The diameter of a locomotive engine is 13 inches ; required 
the diameter of the blast pipe at top. Here, according to the rule, 

diameter of blast pipe at top=*017 x 13'=*017 x 169 = 2*873 inches, or 
between 2) and 3 inches ; but the orifice of the blast pipe should always be 
made as large as the demands of the blast will permit 
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DIAXETEB OF FEED FIFES. 



There appear to be no theoretical considerations 'which would lead us to 
determine exactly the proper size of the feed pipes. Judging from 
practice, however, the following rule will be found to give the proper 
dimensions. 

Rule To find the diameter of the feed pipes. — Multiply the diameter of 

the cylinder in inchee by *141. The product it the proper diameter of the 
feedpipes. 

Example, — Required the diameter of the feed pipes for a locomotive 
engine, the diameter of the cylinder being 15 inches. 

In this example we have, according to the rule, 

diameter of feed- pipe » 15 x '141^2*115 inches, 
or between 2 and 2 j inches. 

DIAHETEB OF FI8TON ROD. 

The diameter of the piston rod for the locomotive engine is usually 
about one-seventh the diameter of the cylinder. Making practice our 
guide, therefore, we have the following rule. 

RcLE. — To find the diameter of the piston rod for the locomotive engine, — 
Divide the diameter of the cylinder in inches by 7. The quotient is the 
diameUr of the piston rod in inches. 

Example. — The diameter of the cylinder of a locomotive engine is 15 
inches, required the diameter of the piston rod. Here, according to the 
rule, diameter of piston rods 15 —7-821 inches. 

THICKNESS OF PISTON. 

The thickness of the piston in locomotive engines is usually about two- 
sevenths of the diameter of the cylinder. Making practice our guide, 
therefore, we have the following rule. 

Rule. — To find the thickness of the piston in the locomotive engine. — 
Multiply the diameter of the cylinder m inches by 2 ; divide the product by 7. 
TTie quotient is the thickness ^the piston in inches. 

Example. — The diameter of the cylinder of a locomotive engine is 14 
inches, required the thickness of the piston. Here, according to the rule* 
thickness of pistons* 2 x 14-r7 ^4 inches. 

DIAXETEB OF CONNECTINO BODS AT MIDDLE. 

The following rule gives the diameter of the connecting rod at middle. 
The rule, we may remark, is entirely founded on practice. 

Rule. — To find the diameter of the connecting rod at middle of the locomotive 
engine. — Multiply the diameter of the cvlinder in inches by '21, The pro- 
duct is the diameter of the connecting rod at middle in inches. 

Example, — Required the diameter of the connecting rods at middle 
for a locomotive engine, the diameter of the cylinders being twelve inches. 

For this example we have, according to the rule, 
diameter of connecting rods at middle » 12 x *21 b2*52 inches, or 2| inches. 

DIAXETEB OF BALL ON CBOSS-HEAD SPINDLE. 

The diameter of the ball on the cross-head spindle may be found from 
the following rule. 

Rule. — To find the diameter of the ball on cross-head spindle of a locomotive 
engine. — Multiply the diameter of the cylinder in inches by '23. The pro- 
duct is the diameter of the ball on the cross-head spindle. 

Example. — Required the diameter of the ball on the cross-head spindle 
of a locomotive engine, when the diameter of the cylinder is 15 inches. 
Here, according to the rule, 

diameter of balls *23 x 15»3'45 inches, or nearly 3} inches. 

DIAXETEB OF THE INSIDE BEARINGS OF THE CBANK AXLE. 

It is obvious that the inside bearings of the crank axle of the locomotive 
engine correspond to the paddle-shaift journal of the marine engine, and 
to the fly-wheel shaft journal of the land engine. We may cooclude, 
therefore, that the proper diameter of these bearings ought to depend 
jointly upon the length of the stroke and the diameter of the cylinder. In 
the locomotive engine the stroke is usually 18 inches, so that we may con- 
sider that the diameter of the bearing depends solely upon the diameter of 
the cylinder. The following rule will give the diameter of the inside 
bearing. 

Rule. — To find the diameter of the inside bearing for the locomotive engine. 
Extract the cube root of the ^are of the diameter of the cylinder in inches; 
multiply the result by *96. 7%e product is the proper diameter of the inside 
bearing of the crank axle for the locomotive engine. 

Example. — Required the diameter of the inside bearing of the crank 
axle for a locomotive engine whose cylinders are of 13-inch diameters. In 
thb example we have, according to the rule, 
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and diameter of bearing's 5*5289 x *96s5-31 inches nearly f 
or between 5| and 5J inches. 

DIAXETEB OF PLAIN PART OF CRANK AXLE. 

It is usual to make the plain part of crank axle of the same seetisnal 
area as the inside bearings. Hence, to determine the sectional area of the 
plain part when it is cylindrical, we have the following rule. 

Rule. — To determine the diameter of the plain part of crank axle for the 
locomotive engine. — Extract die cuhe root of the square of the diameter of 
the cylinder in inches ; multiply the result by -96. The product is the proper 
diameter of the plain part of the crank axle of the locomotive engine in 
inches. 

Example. — Required the diameter of the plain part of the crank axle 
for the locomotive engine, whose cylinders' diameters are 14 inches. In 
thb example we have, according to the rule, 

14 B diameter of cylinder in inches. 
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and diameter of plain part of crank axle =5*808 x -96 » 5 -58 inches neiily, 
or a little more than 5) inches. 

DIAXETER OF THE OUTSIDE BEABINOS OF THE CBANK AXLE. 

The crank axle, in addition to resting upon the inside bearings, is some- 
times also made to rest partly upon outside bearings. These outside 
bearings are added only for the sake of steadiness, and they do not need to 
be so strong as the inside bearings. The proper sice of the diameter of 
these bearings may be found firom the following rule. 

Rule. — To find the diameter of outside bearings for the locomotive engine. — 
Multiply the square of the diameter of the cylinders in inches by '396 ; extract 
the cube root of de product The result is the diameter of the outside 
bearings in inches. 

Example. — Required the proper diameter of the outside bearings for a 
locomotive engine, the diameter of its cylinders being 15 inches. 
In this example we have, according to the rule, 

15= diameter of cylinders in inches. 
15 

225 ssquare of diameter of cylinder. 
-396 ^constant multiplier. 
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Hence diameter of ontside bearing =4*466 inches, or very nearly 4J inches. 

DIAMETER OF CRANK PIN. 

The following rule gives the proper diameter of the crank pin. It is 
obTioos that the crank pin of the locomotive engine is not altogether 
analogous to the crank pin of the marine or land engine, and, like them, 
ought to depend upon the diameter of the cylinder, as it is usually fonned 
out of the solid axle. 

Rule. — To find the diameter of the crank pin for the locomotive engine. ^~ 
Multiply the diameter of the cylinder in inches by *404. 7%« product is the 
diameter of the crank pin in inches. 

JExample. — Required the diameter of the crank pin of a locomotive 
engine whose cylinders* diameters are 15 inches. 
In this example we have, according to the rule, 
^ameter of crank pin « 15 x *404 « 6*06 inches, or about 6 inches. 



LENGTH OF CRANK PIN. 

The length of the crank pin usually given in practice may be found 
from the following rule. 

Rule. — To find the length of the crank pin. — Multiply the diameter of the 
cylinder in inches by *233. The product is the length of the crank pins in 
inches. 

Example. — Required the length of the crank pins for a locomotive 
ensine with a diameter of cylinder of 13 inches. 

ui this example we have, according to the rule, 

length of crank pin = 13 x '233=3*029 inches, 
or about 3 inches. The part of the crank axle answering to the crank pin 
If usually rounded very much at the comers, both to give additional 
strength, and to prevent side play. 

These then are the chief dimensions of locomotive engines, according to 
the practice most generally followed. The establishment of express tnuns 
and the general exigencies of steam locomotion are daily introducing inno- 
vntions, the effect of which is to make the engines of greater size and 
potwer : but it cannot be said that a plan of locomotive engine has yet been 
eontrived that is free from grave objections. The most material of these 
defects is the necessity that yet exists of expending a large proportion of the 
power in the production of a draft ; and this evil is traceable to the inade- 



quate area of the fire-grate, which makes an enormous rush of air through 
the fire necessary to accomplish the combustion of the fuel requisite for 
the production of the steam. To gain a sufficient area of fire-g^te an 
entirely new arrangement of engine must be adopted : the furnace must be 
greatly lengthened, and perhaps it may be found that short upright tubes 
of the kind employed in the boiler at page 68 may be introduced with 
advantage. Upright tubes have been found to be more efffctnal in raising 
steam than horizontal tubes ; but the tube plate in the case of upright tubes 
would be more liable to bum. 

We here give the preceding rules in formulee, in the belief that those 
well acquainted with algebraic symbols prefer to have a rule expressed as 
a formula, as they can Uius see at once the different operations to be per- 
formed. In the following formulas we denote the diameter of the cylinder 
in inches by D. 

LOCOMOTIVE ENGINE. — PARTS OF THE. CTUNDER. 

Area of induction ports, in square inches = *068 x D*. 
Area of eduction ports, in square inches = *1 28 x D*. 
Breadth of bridge between ports between \ inch and 1 inch. 

LOCOMOTIVE ENGINE. — PARTS OF BOILER. 

Diameter of boiler, in inches =3*11 x D. 

length of boiler between 8 feet and 12 feet. 

Diameter of steam dome inside, in inches » 1*43 x D. 

Height of steam dome =2^ feet 

Diameter of safety valve, in inches = D+ 4. 

Diameter of ralve spindle, in inches = '076 x D. 

Diameter of chimney, in inches =D. 

Area of fire-grate, in square feet = -77 x D. 

Area of heating surfiice, in square feet =5 x D*-r2. 

Area of water-level, in square feet =2*08 x D. 

Cubical content of water in boiler, in cubic feet =9 x D'-r40. 

Diameter of feed-pump ram, in inches = *01 1 x D*. 

Cubical content of steam room, in cubic feet =9 xD'-r40. 

Cubical content of inside fire-box above fire bars, in cubic feeteaD'^4 

Thickness of the plates of boiler =} inch. 

LOCOMOTIVE ENGINE. — DIMENSIONS OF SEVERAL PIPES. 

Inside diameter of steam pipe, in inches =*03 x D*. 
Inside diameter of branch steam pipe, in inches* '021 x D*. 
Inside diameter of the top of blast pipe=*017 x D*. 
Inside diameter of the feed pipes = *141 x D. 

LOCOMOTITE ENGINE. — DIMENSIONS OF SEVERAL MOVING PARTS. 

Diameter of piston rod, in inches =D-^ 7. 

Thickness of piston, in inches * 2 D-£-7. 

Diameter of connecting rods at middle, in inches b •21 x D. 

Diameter of the ball on cross-head spindle, in inches =*23 x D. 

Diameter of the inside bearings of the crank axle, in inches » *96 x ^D^. 

Diameter of the plain part of crank axle, in inches i-*96 x :yW. 

Diameter of the outside bearings of the crank axle, in inches i- ^*396 x D* 
Diameter of crank pin, in inches = '404 x D. 
Length of crank pin, in inches = '233 x D. 
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CHAPTER VIIL 



EXPEDIENTS FOR REGULATING THE VELOCITY, AND ASCERTAINING THE STATE AND 

EFFECTIVE POWER OF THE ENGINE. 



Iir most en^nes ^et inyented for deyeloping mechanical effect from steam, 
there are great irregularities in the velocity of the engine unless some 
contriyance he added to equalise the action of the steam. In the land-engine, 
and in the marine-engine, the inequalities of yelocity may he considered to 
proceed from two sources ; one, the unequal action of the mechanism of the 
engine itself, and the other the unequal resistances which the engine has 
to overcome. The piston does not move with a uniform velocity up and 
down the cylinder. The velocity is greatest at half stroke, and gradually 
decreases towards the end of the stroke till it stops altogether, and finally 
returns in the opposite direction. When it is said that ihe velocity of the 
piston is so many feet per minute, it is at once inferred that this can only 
he the mean velocity, and that at the middle of the stroke the piston moves 
faster, and at the termination slower, than the specified velocity. But even 
if the piston were to move uniformly, the intervention of the crank would 
introduce irregularities into the velocity of the engine. The crank is 
certainly the hest constructive expedient yet devised for deriving a rotatory 
motion from the reciprocating motion of the piston ; hut, with all its advan- 
tages, it has the defect of not transmitting uniformly the pressure and 
velocity of the engine. Let it not he inferred from this statement that we 
intend to show the least favour to the exploded notion of the crank ahsorh- 
ing some of the power or mechanical effect of the steam. In a former part 
of this work we have shown at great length that the crank, like every 
other piece of machinery, transmits at every instant all the mechanical 
effect communicated to it ; so that the only way in which we can suppose it to 
have an appetite for devouring power is hy taking into consideration the 
friction of the parts connected with it But this b not inconsistent with 
our statement that the crank does not transmit the pressure and velocity of 
tiie piston uniformly. The mechanical effect transmitted hy the crank at 
any instant is measured hy the product of the effective pressure on the 
crank into its velocity at that instant ; and this is exactly equal to the 
mechanical effect generated at the piston at the same instant, as measured 
hy the product of the pressure on the piston into its velocity. But then 
the velocity of the crank does not always hear the same proportion to the 
velocity of the piston, nor does the effective pressure on the crank always 
hear the same proportion to the pressure on tiie piston. The products are 
constantly equal, but the proportions of the elements constantly change ; 
and the effect of the intervention of the crank, if unredressed, would he to 
cause the velocity of the machinery driven by the engine to undergo incon- 
venient flnctuations. 

These irregularities proceeding from the internal mechanism of the 
engine itself would leave the mean velocity unaffected. Supposing the 
amount of steam supplied, and the amount of resistance to be overcome, to 
remain constant, then, although the velocity would he different for different 
positions of the crank, still the average velocity throughout a whole revo- 
lution would remain constant If^ however, the amount of resistance to be 
overcome he changed, the average velocity will also change, unless the 
supply of steam he modified so as to suit the exigency. We may see the 
great variation of resistance which a marine engine has to sustain in a 
storm. Sometimes the paddle board is deeply immersed in the wave — at 
other times it is almost completely out of the water ; and in these circimi- 
stances it is obvious that the average velocity of the paddle shaft will 
vary. Analogous variations are experienced m most of the applications 
of die land-engine. If a land-engine be employed to drive the machinery 
of a cotton mill, it will have to impart motion to all the spinning frames in 
that miU. The operation of one or more of these may from time to time 
be suspended, and consequently the moving power will he relieved from 
a corresponding amount of resistance, and again the spinning frumes offer 
different resistances at different times. These circumstances, it is obvious, 
must affect the mean velocity of the engine, unless some contrivance be 
added to modify the supply of steam so as to correspond to the amount of 
resistance to be overcome. If, under such circumstances, the energy of 
the moving power remains the same, the velocity with which the ma- 
chinery will be driven must he subject to variation, heing increased 
whenever the operation of any portion of the machines usually driven hy 
it is suspended ; and, on the otiier hand, diminished when any increased 
number of machines are brought into operation In fine, the speed will 
vary nearly in the inverse proportion of the load driven, increasing as the 
load is diminished, and vice versd. 



Now in most of the applications of the steam engine, irrejgnlarity of 
velocity is considered to be a great evil, and every exertion is made to 
lessen it as much as possible. Indeed in all applications of machinery it is 
desirable, all other things being equal, to have the motion uniform. On 
this Tredgold remarks, very justiy, ** An equable motion is desirable in 
almost every kind of machine, it being strained much more hy an irregular 
desultory one, as well as the fabric that supports it, than when the motion 
is equable. The strength of tiie machine must be adapted to the greatest 
strains that occur ; but the quantity of work done is equivalent to the mean 
action only, and more is not performed hy a desultory motion than hy one 
at a mean rate, and uniform." But uniformity of yelocity is more sought 
after in some of the applications of the steam engine than in others. In 
the marine-engine and the locomotive engine all the requisite uniformity 
is obtained by attaching two engines to tiie main shaft, and so adjusting 
them that the irregularities of the one engine partiy counteract the irre- 
^[ularities of the oSier. The plan does not insure perfect uniformity, hut 
it approaches to it as far as particular circumstances seem to require. 
In these engines no provision is made that the supply of steam should 
adapt itself to the amount of resistance to be overcome. A^n, in the 
common pumping engine, there is not so much urgent necessity for uni- 
formity of motion as in most other applications of the land-engine. Indeed, 
judging from practice, we may infer that the advantage to he gained hy a 
greater uniformity in the velocity of the pumping engine is not sufficienti j 
great to compensate for the increased expense incurred in providing and 
repairing a mechanism for redressing its inequalities. However, in many 
of the other applications of the land-engine, uniformity of velocity is the 
great object aimed at, and provision is made for approximating to it as 
closely as possible. 

We have pointed out two sources of irregularity of velocity ; one the 
peculiar internal mechanism of the engine itself, and the other the unequal 
resistances which it has to overcome. We proceed now to mention in 
detail the several remedies that have been proposed for redressing these 
inequalities : and first we proceed to mention those remedies which have 
been proposed for redressing the inequalities arising frx)m the peculiar 
mechanism of the engine itseSl 



BElfEDIES FOB REDRESSINO THE INEQUALITIES ARI8IMO FROM THE 
BiECHANISM OF THE ENGINE ITSELF. 

Before the improvements which Watt effected on the steam engine, it 
had never been employed for any other purpose save that of raising water 
by working pumps. All that was requisite for this, was mi upward force 
capable of elevating the piston of the pump when loaded with a column of 
water. The piston of the cylinder, after it had made its downward stroke, 
was raised to the top of the cylinder hy the preponderating weight of the 
pump piston and balance weight, and sometimes the pump end of the 
beam was made longer than the cylinder end. But in any case the 
only means employed for redressing tiie intermittent action of the moving 
agent was the preponderating weight of the pump end of the heam.^ These 
means are obviously very imperfect, and would be quite insufi&cient for 
obtaining that regularity of velocity which many of the modern applica- 
tions of the steam engine to the different arts and manufactures require. 
But great uniformity of yelocity is not an all-important desideratum in the 
pumping engine. 

Watt^ first improvements were all conducted with reference to the then 
prevalent application of the steam engine to pump water. His single- 
acting engine, like all the engines previously constructed, could only 
generate power in the downward stroke of the piston ; and its only advan- 
tage over its predecessors was, that it extracted more useful effect fhmi a 
determinate quantity of steam. The upward stroke of the piston was still 
effected by the preponderating weight of the pump end of the heam, hut 
before the steam engine could he applied to other purposes than ]f umping 
water. Watt perceived that it would be necessary to drive the main heam 
both in the upward and downward stroke of the piston. As mentioned at 
page 16, he at first proposed to pUce a cylinder under each end of the great 
heam, so that when one of the pistons would be rising the other would he 
falling, and as the cylinders were to be supplied from the same boiler, and 



Expedientt for regulating the Velodljf — Buekle't Pneumatic EquaUttr. 



tbe Meam to be condenied in the same condenaer, he thonglit it probable 
that the two actions on the beam voald produce a regular and auifonn 
motion. This project vai never carried into execution ; it wai enlirelj aop- 
planted by the double-acting engine, vhicli Watt aoon afterwanU conatnicl^ 
But eren although it had been carried into execution, it would obTiouily 
have come yttj far abort of producing a perfectly uniform Telocity. 

We have already mentioned, that in the marine engine and locomotiTe 
engine u approiimation to oniformity of velcx^ity and uniformity of prea- 
•ure ii obtained by putting twn engines upon the aame shaft, and so 
•4iniling them that when the piaton of the one engine ii at its maximum 
Telocity, the {nstou of the other ia at its minimum, and vice vertA. Thii ia 
effected by placing the crauka at right anglea to one another. The velo- 
city obtained in thii way i* more nearly unifann than when only one 
cn^e ii nied, but, uoleM asiiated by a fl^-wheel, the irregularitin wouM 
be too great for many of the nice applicauoni of the modem iteom engine. 
Aodther olyectiaQ to thia plan ii, that it requires two engines, and thni 
takes np more room, and offers more conatructiTe difficulties, than if the 
requUile powerwere obtained from one engine oniy. These objections are 
lo ■ eettaio extent obTiated by an ingenious plan first proposed by 
Mr. Mark laambard Brunei, and for wbidi he obtained a patent in iaS3. 
Id his plan, instead of using two cranks, two cylinders are employed to 
giTe motion to the same crank. This is effected by inclining the two 
cylinders to one another at an angle of about 90°, and causing them to act 
nptni the same aile bj means of (heir conneoting rods. The fVsme of the 
engine is of Ibe form of an isosceles triangle. The working cylinders rest 
vpoa the inclined sides, and the main shalt, upon the apex of the triangle. 
The piston-rod is preserved in its rectilineal course by metal rollers 
tunning npon guide plates, which act a similar part to (he Tertical guides 
in the eominon direct-action engine. Mr. Brunei states that the axis of the 
eylinden should be inclined to one another at an angle of 1 02° ; having, 
•s he says, fbund thai angle to be preferable to all others far transmitting 
m rotatory motion to the axle ^m the reciprocatiDg motion of the pistons : 
bat there seems to be no theoretical considerations vhich would lead as 
to prefer an angle of 102° to an angle of 90°, except thai the weight of 
the pistons and their connections presses only in a downward Jirectioo. 
Underneath each of the working cylindera is placed a small cyUnder con- 
taining the Talre. The Talves are wrought by eccentrics tnaa the main 
■haft, and the stesm is alternately admitted into one end of the working 
■ylinder, and a passage opened for its escape at the other, as is the nsu^ 
■rrangemeuL From this form of canstruction it follows, that when the 
piston of one of the cylinders is at half-stroke, Ibe piston of the other is at 
the termination of its stroke, or nearly so ; and thus the irregularities of the 
one cylinder partly counteract the iiregularitiea of the other. It is obTions, 
however, that this engine, whatever may be its peculiar advantages in 
other reapeeta, will fail in obtaining any greater regolarity of Telocity than 
is obtwned in the more usual construction, by placing two marine engines 
or two locomotive engines upon the same shaft — a motion which of itself 
is too irregular for many of the modern applications of the steam engine. 

When the expansive principle is employed in an engine, it involves the 
oondilion of a variation in the intensity of the moving power. If the steam 
acts with a nnifbrm energy an the piston as long as the supply {rom the 
boiler continues, «o soon as Ibat supply is stopped by cloaing the ateam 
Talve, the steam contained in (he cylinder vlll fill a gradnally increasing 
volume by the motion of the piston, and consequently will act above the 
piston with a gradually decreasing enern. Now, if the resistance to the 
moving power be not subject lo a variation corresponding exactly to this 
Tariation in the moving power, the result will be that the motion will cease 
lo be nuifonn. For if the momentum of the moving power at any part of 
the stroke be greater thou the resistance, the motion lA the machinery will 
be accelerated ; and if it be less, the motion of the machinery will be 
retarded. Hence the application of the expansive principle will introduce 
iire^olarities peculiar to itsel£ In the patent which Watt took out for the 
•pplicstioD of the expansive principle, he specified severvl expedients for 
•pptoximatmg to a uniform effect upon a uniform reaislance, notwitbaland- 
ing the variation of the energy of the power wliich necessarily attended 
the expansion of the steam. One method consisted in causing the moving 
force, when acting with the greatest energy, to impart momentum to a moss 
of inert matter, which ahoutd be made to restore the same force when the 
moving power was more enfeebled. Another expedient consisted in 
causing the moving power, when acting with gTealesI energy, to lift a 
weight hang conaiderably above the centre of the beam which should resist 
the ascent of the pillon at the beginning of the stroke, hot aid its motion 
H soon aa the beam passed the horizontal line, when the weight, like a 
tombler, would pass its centre of gravity, fie also proposed to make the 
iriston act on a lever, which should have an ann of variable length, and so 
regulated, that when the momentum of the moving force increased or 
diminished, the length of the arm diminished or increased in the same 
propottion. This last expedient had been already applied in mechanics for 
the purpoee of equalising a varying power, andabmiliar example of its ac- 
tion occurs in the internal mechanism of a watch. When a watch is newly 
woand up, the fbrce of the spring is much greater than when the watch is 
nearly run down ; so that if the force of the spring always acted at the 
same IcTcrage, a very unequal velocity would be produced. The irregn- 
Urity, however, is counteracted by the varying diameters of the grooves 
of tu ftwee, on which the force of the spiing, through the intervention 
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of the chain, acts. Aa the watch goes down, the oiain-spring relaxes, and 
its force diminishes ; but then the chain acts upon a wheel or circle having 
a diameter increased in the same proportion as the strength of the spring 
is diminished. This expedient, however, has never been successfiJly em- 
ployed to regulate the action of the moving power of the steam engine; 
and It does not appear to be as practicable a scheme as that of hanging a 
weight above the centre of the beam. 

The fbllowing ingenious eipedieat for equalising the action of the steam 
in the engine, was first suggested by Mr. Buckle of Soho, and constructed 
by him for Mr. Lucy of Blrmiugham. It acts upon the principle of 
causing the engine to drag np a piston against ^e pressure of the atmo- 
sphere when the energy of die moving power is above the average g the 
power thus consumed being retnmed to the engine by the atmosphere 
forcing down the piston when the energy of the moving power is below the 
average. The manner in which this is accomplished mny be easily under- 
stood from the accompany iug figure. P represents the piston in the cylinder 




LL the great beam, LR the connecting rod, RO the crank, and BWWW 
a toothed wheel carmed round by the crank. These are all the same as in 
the common steam engine. There is added rviciEi.a smaller wheel, whose 
diameter is only one half that of the larger, and consequently it has only 
one half the number of teeth. The small wheel will obvionsly perform a 
half revolution whilst the large wheel performs a quarter revolution. U is 
a second lever, driven by the crank of tbe small wheel, to which it i« 
attached by means of its connecting-rod. The piston-rod f H is attached 
to the small lever U, carrying with it a piston from top to bottom of an open 
cylinder H. At the points marked 1, S, 3, 4, the circumference of the 
great wheel is supposed to be divided into four equal quadrants. Suppose 
now that the figure represents the state of the engine when the piston is 
ascending. Whilst the cnmh moves fVom its present poeitiou to the 
position corresponding to Z, the small wheel will have performed a semi- 
revolution, and the piaton H will have ascended to the top of the open 
cylinder, leaving a vacuum behind It. The piston H has been dragged np 
against the pressore of the atmosphere, and this has consumed so much m 
the power of the engine. This power, however, is not lost — it is only lent; 
for while the crank moves from the position 2 to the position 3, the pressure 
of the air forces dovrn the piston, and then the mechanical power is given 
back to the targe wheel. Again, whilst tbe crank moves from the position 
3 to the position i, the piston H has to be dragged up to the lop of the 
cylinder, f^ally, whilst the crank moves from the position 4 to the 
position 1, the pressure of the air forces down the piston of the open 
cylinder. Thus all the power consumed in dragging up the piston 
against the pressure of the atmosphere, whilst the crank moves from I to 
S andfl-omS to 4, Is fkithfhlly given out to thewheel whilst the crank moves 
from 9 to 3 and from 4 to 1. By Ibis arrangement the engine is made to 
lay up, as it were, a store of power when the moving force is acting with 
greatest energy, and this store is employed to assist it when the moving 
force is acting with least energy. The |)ressure of the atmosphere is very 
adroitly converted into a sort •^reservoir, in which is deposited the surplus 
power generated while the crank moves from 1 to S, and fhim 3 to 4, to 
be withdrawn in order to supply the deficiency whilst the crank moves 
from S lo 3 and from 4 to I. Let a denote the number of square inches 
in the piston H, and A the number of feet in the diameter of the small 
wheel ; then the power necessary to drag tbe small piston from tbe bottom 
of the cylinder to the top, exclusive of the friction, is represented by a 
mechanical effect of 15 x a » A lb. raised one foot high, fience, the 
total efiiict of this puenmatic pump is equivalent to causing the engine lo 
raise 15 x ax Alb. one foot bigh whilst the crank ia passing the quadrantal 
points, and allowing that weight to lUl whilst the crank is passing the 
lihe of tbe centres. At the first considerMiou we may perhaps infer that 
there would be a sadden change <^ velodly and pressure when the small 
piston liad arrived at the top or the bottom of its stroka ; but a little more 
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attention \rlll convince os that the change is gradually introduced by the 
peculiar relation of the wheels to one another. In the position represented 
in the figure, the crank moves a certain distance past position 1 without 
raising ti^e piston to any great extent. As the crank descends to the 
quadrantal point, in which position most power is generated, the crank of 
Uie small wheel descends to its quadrantal point, in which position the 
pressure of the atmosphere on the piston H, offers the greatest resistance 
to the motion of the wheel. After the large crank has passed its quadrantal 
point, the energy of the moving power begins to lessen, and at the same 
time, the small crank having passed its quadrantal point, the motion of the 
small wheel is less retarded by the pressure of the atmosphere on the piston 
H. When the large crank approaches to the position 2., the small crank 
approaches to the lowest part of its revolution, where the pressure of the 
atmosphere on the piston U, offers little opposition to the motion of the 
small wheel. It is unnecessary to examine the action of the pump through- 
out the whole revolution of the wheel, as it would be only a repetition of 
the process for a quadrant But we see that, by the peculiar connection of 
the wheel, the pressure of the atmosphere acts at one time as an accelerating 
force, at another as a retarding force ; that the change is not abrupt, but 
g^radual ; that it acts most efficiently as a retarding force at the very 
moment that the energy of the moving force is greatest, viz., when the 
large crank is passing the quadrantal points ; and finally, it acts most 
efficiently as an accelerating force at the very moment that the energy of 
the moving force is least, viz., when the crank is passing the line of the 
centres. In fact, this pneumatic equaliser approaches more closely to 
theoretical perfection, than any expedient ever proposed for equalising the 
action of the engine. It may easily be shown that the equali^tion of the 
effective pressure on the shafts is more efficient than that obtained by 
using a pair of engines, and certainly it is much less complicated and 
expensive. The superiority is still more manifest when we consider the 
regularity of velocity which it in practice has been known to introduce. 
The principal objection against the expedient is that the toothed wheels 
are very bad constructive expedients, as they cause considerable friction, 
and the teeth are apt to break and to throw the whole into disarrange- 
ment But it is obviously not impossible to obtain the same result by a dif- 
ferent mechanism. All that is essential is, that the shaft on which the 
small wheel is placed, should make two revolutions for each revolution of 
the main shaft Can this only be effected by the clumsy expedient of two 
toothed wheels working into one another ? Several ingenious expedients 
have been proposed for enabling one shaft performing a certain number of 
revolutions per minute to drive another shaft so as to make more revolu- 
tions per minute without connecting them together by tooth gearing ; but 
it would take up too much of our space to describe them here. We may 
only refer to one which is applied in Smith's direct action engine, a plate 
of which we have given in this work. This expedient enables the main 
shaft to drive a second shaft with a double velocity ; the very thing which 
is required for Buckle's pneumatic equaliser. We may remark that ex- 
pedients for multiplying velocity are invested with additional interest at 
present, from the introduction of the screw propeller. Before a sufficiency 
of resistance can be obtained from the screw propeller, it must be made to 
perform more revolutions per minute than the paddle-shaft, in the more 
common construction. This new problem is at present exercising the 
ingenuity of many of our engineers. 

To demonstrate the practical efficiency of Buckle's equaliser, we may 
instance the great success which has attended its application. The following 
is Mr. Scott Russell's description of the circumstances which first led 
to its adoption, and the complete success with which it was crowned: — 
" Mr. Lucy had constructed at Birmingham a flour-mill driven by steam, 
and it had been his object to obtain perfection without any limitation of 
expense. He had got one of Boulton and Watt's best steam engines, and 
yet he found that his mill neither produced such perfect flour nor moved 
so smoothly as mills driven by water. On the contrary, it was found that 
the irregularity of the motion produced a larger quantity of coarse than of 
fine flour, at a mercantile loss to the owner ; and it was likewise found that 
the irregular propulsion a tergo interfering with the uniform motion, 
towards which the millstones tended by their own momentum, produced a 
clanging reciprocation along the whole line of toothed gearing, which was 
most ii^urious, and rapidly destructive to the toothed wheels. When we 
visited the spot in 1838, the ruins of former wheels, most unequally worn 
and totally destroyed, were strewn about the yard. The usual plan of in- 
creasing the weight of the fly-wheel was resorted to without success, and Mr. 
Lucy applied to Mr. Buckle to propose a remedy for the evil This remedy 
Mr. Buckle found in the very simple contrivance of a pneumatic pump. In 
the mint at Soho a pneumatic pump had been introduced by Mr. Watt, for 
the purpose of producing a reaction, on the principle of the experiments of 
Otto Guericke, which we have already described. The force of the steam 
engine was made to draw up a piston from the bottom of a cylinder, leaving a 
vacuum below it Into this vacuum the piston was again carried down, after 
the action of the steam had ceased, by the whole force of the atmosphere, 
amounting to about 15lbs. on every inch of its surface. Thus the atmo- 
sphere was rendered a reservoir of power, the power being first of all taken 
up by forming the vacuum, and again given out by the atmosphere pressing 
the piston down into the vacuum. So perfect was the action of this 
mechanism that the fly-wheel had been wholly removed, and the engine 
and the whole mill. work were moving in the most smooth and odective 



manner. It was found that the change enabled them to give all the 
grinding stones a greater velocity than formerly, so that Uie quantity 
ground was greater, in the proportion of 56 to 52, and the quantity of the 
finest or first flour, from the same wheat, was likewise much increased ; 
so that, both by quantity and quality, the owner of the mill was now able 
to command the market. The same motion has subsequently been applied to 
cotton mills with perfect success, the quality and the quantity of yam 
produced being much improved." 

The last expedient for equalising the action of the steam which we shall 
notice, is that known as the fly-wheel. The fly-wheel derives all its 
efficacy as an equaliser of the action of the steam from the principle, that 
a large mass of matter offers great resistance to a change of motion. In 
a common double-action engine, the steam loses all energy as a moving 
power for driving the machinery when the crank is passing the line of the 
centres, and a person not familiar with the laws of matter might conclude 
that the engine would come to a stand-still, unless some moving force were 
applied at these critical positions. It is well known, however, that Uie 
momentum of the moving parts of the machinery will supply a force suffi- 
cient to force the crank over the centre, although with a diminished velocity. 
The momentum of the moving parts acts therefore to a certain extent as a 
regulator of the action of the steam, and the addition of the fly-wheel 
only promotes regularity of velocity in so far as it increases this 
momentum. The moving force of a body in motion is estimated by the 
product of its mass into its velocity. If, therefore, we wish to regulate 
the velocity of an engine, by increasing the momentum of its moving parts, 
we have only to connect with it some large mass that it moves with 
great velocity. Such a mass is the fly-wheel : it is made of large dia- 
meter, so that its rim revolves with great rapidity ; and the rim is made of 
great weight, it being generally constructed of cast iron. It b obvious 
that the same amount of momentum may be obtained by other forms of 
construction ; but the wheel possesses three advantages peculiar to itself^ 
which entitle it to the preference : it consumes no power by friction ; it 
suffers but little resistance to its motion from the air ; and, finally, it can 
be so exactly poised on its axis as to cause little strain on the machinery. 

When the piston is at half-stroke, the energy of the moving force 
is at its maximum, so that at this time more mechanical effect is gene- 
rated than the usual resistance can appropriate. The surplus me- 
chanical effect is expended in quickening the velocity of all the moving 
parts of the machinery. But the greater the mass of a moving body, the 
more opposition does it offer to a change of motion ; so that the large mass 
of the fly-wheel absorbs the surplus mechanical effect without any great 
change of velocity. As the crank approaches the dead points, the dSect 
of the moving power upon the axle and the wheel is gradually enfeebled. 
The defect can only be supplied by abstracting some of the momentum 
of the moving parts, and in these circumstances the large mass of the fly- 
wheel can give out the sufficient quantity of momentum without any con- 
siderable change of velocity. The mass of the fly-wheel is thus converted 
into a reservoir for receiving the surplus power at one time, and giving it 
out at another. It is obvious, however, that the equalisation of the motion 
produced by the fly-wheel is partial, and can never be theoretically perfect 
The fly-wheel acts as a receptacle of momentum, and as matter can only 
receive momentum or give out momentum by a change of "Velocity, its 
agency as an equaliser presupposes a slight change in the velocity of idl the 
machinery. The motion of revolution received by the main shaft is 
always subject to a variation corresponding to the amount of change of 
momentum in the great mass of the fly-wheel sufficient to extricate the 
crank twice in every revolution from its critical position while passing the 
line of centres ; but this change can be rendered smaller and smaller by 
increasing the weight and magnitude of the fly-wheeL Buckle's Pneumatic 
Equaliser acts upon the principle of increasing or diminishing the resist- 
ance according as the energy of the moving force increases or diminishes ; 
the fly-wheel, on the other hand, acts upon the principle of increasing the 
momentum of the moving parts of the machinery, so that when the energy 
of the moving force is greater or less than the resistance, the surplus may 
be absorbed or the defect supplied without any sensible change in the 
motion of the whole. The former is capable of theoretical perfection ; the 
latter must necessarily fall short of that perfection, though it may be made 
sufficiently near it for practicable purposes. 

We proceed now to mention the considerations upon which we have 
founded the rule given in page 157 for proportioning the size of Uie fly- 
wheel to the length of stroke and the diameter of the cylinder of the 
engine. It is to be remembered that in proportioning a fly-wheel to a 
given engine, attention must be paid to many particular circumstances 
which we have neglected in the general rule. Attention must be paid, for 
instance, to the degree of regularity which the particular application of 
the engine requires ; for although uniformity is always desirable, it is of 
much greater importance in some cases than in others. Again, the efficacy 
of the fly-wheel in producing uniformity of velocity is materially modified 
by the nature of the machinery which the engine is employed to drive. If 
the machinery consist of large masses in revolution, such as the millstones 
in a flour-mill, the agency of the fly-wheel will not be so much needed, as 
these masses will tend to uniformity of revolution by their own momentum. 
In fact, properly to proportion the fly-wheel, we ought to have regard not 
only to the momentum of the fly-wheel, but also to the momentum of the 
other moving parts of the machinery. But the latter cannot be attended 
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to in a general role, whicn can only giye the proportions of the fly-wheel 
■uch that, although different engines are employed to drive the same sort 
of machinery, the same degree of equalisation will be obtained. It is 
obyioof that the proportion between the power which is generated in the 
cylinder during one half-stroke, and the power which must be resident in 
the fly-wheel to constitute it an equaliser, ought to be the same in engines 
of all sizes, in order to produce the same approximation to uniformity of 
motion. For although the energy of the moving force varies, still, when 
the engine is making the usual number of strokes per minute, the total 
mechanical effect generated during one hall-stroke is exactly equal to the 
mechanical effect consumed during the same time by the resistance offered 
to the machinery, and by the friction of the different moving parts ; and 
therefore the fly-wheel has only to do with the amount of variation, which, 
in engines of the same construction, has always a constant ratio to the 
mechanical effect generated during one half-stroke. Before, however, we 
can compare the power resident in a fly-wheel with the power generated 
during one half-stroke of the engine, we must have some way of estimating 
the amount of power treasured up in a moving body when we know its 
mass and velocity. It is familiar to the observation of every one, that it 
requires the exertion of some force, either to bring a body at rest to a state 
of motion, or to reduce a body in motion to a state of rest All writers on 
mechanics state the following general law, founding it upon observation : — 
^ liatter never changes its state of rest, or its state of motion, without the 
exertion of some extraneous force upon it." A ball in motion has in itself 
a certain moving energy, which, on the application of the proper machinery, 
can be extracted from it, and made to produce a useful effect This 
moving energy has been put into the ball by some extraneous agent ; and 
it would contmue in the ball for ever, or at least as long as the present 
laws of matter exist, unless some extraneous force, such as the resistance 
of the air, be applied to extract it It is to be remarked, also, that it 
reqnires the exertion of as much power to reduce the body in motion to a 
■tate of rest, as it did to bring it from a state of rest to its present state of 
motion. It is found from observation, that if two balls moving in opposite 
direetioM impinge against one another, they will be brought to rest if their 
weights or masses be inversely as the velocities with which they move ; 
or, m other words, if the product of the weight of one of the balls into its 
Telocity be equal to the product of the weight of the other ball into its 
Velocity. It is this product which scientific writers understand by the 
term momentum. For our present purpose, however, it is necessary to 
ftt*"*^^ the moving energy of a body in motion by the mechanical effect 
which it can produce, or the number of pounds which it can raise one foot 
high. This is a more tangible standard of measurement, and will be more 
easily apprehended by those who are familiar with a similar method of 
estimating the power of a horse, or of a certain quantity of steam. With 
reference to this standard we now proceed to prove the following pro- 
poaitioo: — 

A body ofPlb, weight, momna with a velocity ofv feet per second, has a 
moving energy whose mechanical effect isPx {v-i-syib. raised 1 joot high. 

For, let h denote the height in feet through which the body has to fall 
in order to acquire the velocity v, by the action of gravity. Then we 
know, Arom the laws of fidling bodies, that A =o"^ 64 = (&-;- 8)", and the 
ball will have a mechanical effect treasured up in it = P x A = P x (v-r 8)" 
lb. raised one foot high. Now, as the moving ball will possess the same 
amount of energy however the velocity is acquired, it is obvious that, in 
general, a ball of P lb. weight, moving at the rate of v feet per second, 
has treasured up in it a mechanical effect of a P x (r-r 8)* lb. raised one 
foot high. 

Example 1. Required the mechanical effect treasured up in a ball of 
30 lb. weight moving at the rate of 12 feet per second. 

In this case the mechanical effect treasured up in the ball a 30 x (I2-^8)' 
=67} lb raised one foot high. 

Example 2. Required the mechanical effect treasured up in a cast-iron 
fly-wheel, whose mean diameter is 30 feet, sectional area of rim 60 square 
inches and making 20 revolutions per minute. 

Before solving this, it will be necessary to calculate the velocity of the 
rim in feet per second. The diameter of the wheel being 30 feet, the 
circumference of the wheel=irx 30^94*248 feet; and as the wheel 
makes 20 revolutions per minute, the velocity of the rim » 94*248 x 20 
« 1884*96 feet per minute. Hence os velocity of the rim in feet per second 
— 1884*96 -^ 60 s 3 1 '4 1 6. Again, the cubical content of the rim = sectional 
area x circumference -> 60 x 94*248 •M44 » 5 x 94*248 -M2 » 5 x 7*854 
-• 39*27 cubic feet, and the weight of a cubic foot of cast irons weight of 
cable foot of water x specific gravity = 62} x 7| » 453} lb. ; so that the 
weight of the rim »39*27 x 4531 lb. « 1 7794 *22 lb. Hence the mechanical 
effect treasured up in this fly-wheel = 17794**22 x (31*416-t-8)'= 17794*22 
X (3-927)« « 17794*22 x 15*42=274386*87 lb. raised I foot high. The 
wwninal horse-power of an engme represents a mechanical effect of 33,000 lb. 
raised 1 foot high per minute, so that this fly-wheel possesses within itself 
more mechanical effect than is expended by an engine of eight-horse 
power upon its resistance for one minute. This is entirely independent of 
the mechanical effect treasured up iu the arms of the fly-wheel, and in 
•the other moving parts of the machinery. 

. In a common double-action engine constructed on Watt's principle, the 
effecUve pressure of the steam on the piston is about 7 lb. per square inch. 



Hence, if Sa length of stroke in feet, D^^ diameter of cylinder in inches* 
and m= ratio of the average mechanical effect treasured up in the fly- 
wheel to the mechanical effect generated during one half-stroke, then the 

total mechanical effect usually resident in the fly-wheel >= 7 x-xmxD'x- 

4 2 

B7irmD'S-r8lb. raised one foot high ; and for any particular case, 
we must determine the sectional area so that for a given diameter of fly- 
wheel, and for a given number of revolutions, the average mechanical 
effect shall equal this. In practice, the average speed of the piston 

B 128^8 feet per minute, and therefore, if the fly-wheel makes one revo- 
lution for each double stroke of the engine, the number of revolutions per 

minute = 1 28 ^S~^ 2 SB64-rS^; but if the fly-wheel makes n revolutions 
for each double stroke of the engine, the number of revolutions per minute 

B 64 n -r S '. Let d denote the diameter of the fly-wheel in feet Then the 

circumference »ir</, and the velocity in feet per minute»irj x 64fi-^S3, 

and the velocity in feet per second » 1 *06 nvd-i- Sl Let now A = area of the 
rim in square inches, and 8= the specific gravity of the body as compared 
with water. Then the content of the rim in cubic feetaircf A-rl44 ; 
and the weight of the rim in lbs. « ir ^ 5 A x weight of a cubic foot 
of water in lb. -r 144 = ir(/8 A x 62^ •M44 = ir</5 A x -434. Hence the 
mechanical effect in lbs. raised one foot high-ir</8A x '434 x (v-i-Bf 

=»d8A X -434 X (•13n»d-4-s')"= 00771 «•»• Sd*A-i-S\ So that, to 
determine A, we have the equation 

•00771n"ir»8£/'A 7irmD»S; 



J 



or. 



or. 



•06168 xn«ii*«cPA=7mD»S 



J 



•00881 >i»ir«8(f»A=wD»S» X ^S; 
or, substituting the value of «• =(3*1 41 Gy = 9*8696^ 

•0869n««d3A=mD'S«x <yS; 
and therefore, _ 

D»S«x^S 



A = 



'M 



•0869 n* 8 



d» 



m D*S«x^S 

s=l 1*507 X "57 X J, . 

n^o <r 

In this equation the number denoted by m remans to be determined. 
As we sud previously, this number regulates the degree of uniformity of 
velocity obtained by the action of the fly-wheel. Some theoretical consi- 
derations might here be advanced, which might enable us to estimate the 
value of m corresponding to any particular amount of variation of velocity. 
Supposing that we knew the law according to which the pressure on the 
piston, and the velocity of the piston, at different parts of the stroke, vary, 
we should have to calculate how much surplus power is generated during 
the favourable circumstances, and the deficiency of power generated during 
the unfovourable circumstances, and then inquire what must be the value of 
m, in order that the storing up of the surplus power in the fly-wheel rim at 
one time, and the withdrawing of that power to supply the deficiency at an- 
other time, would cause the velocity to vary only within the proposed limits. 
This could easily be solved if we neglected the variation of resistance conse- 
quent upon a variation of velocity, and knew accurately the law according to 
which the pressure on the piston and its velocity vary. Instead of this, how* 
ever, we propose to determine m entirely from practice. Indeed, the dimen* 
sions of fly-wheels which will have energy enough to produce a sufficiently 
regular motion for the purposes of mamifactories, has been determined by 
long experience, more decisively than could be done by theory. It will be 
found by observation of engines of all sizes, that the energy of the rim of the 
fly-wheel is usually between three and four times the power generated during 
half a stroke. In other words, if the engine were only employed to give 
motion to the fly-wheel rim, and had not to overcome some uniform resist- 
ance, it would require between three and four half-strokes of the piston to 
urge the wheel from its state of rest to the state of uniform motion with its 
average velocity. In engines working in conjunction, so that their cranks 
are at right angles, a smaller fly-wheel than usual will suffice ; and in 
many of the engines manufactured by Mr. Fairbaim, of Manchester, and 
others, a heavy spur-wheel on the crank shaft is the only fly-wheel cm- 
ployed. In engines, too, working at a very high speed — and land engines 
may be made to work at twice the usual speed with advantage — a very 
small fly-wheel will answer, or in the case of coupled engines driving mill- 
stones or other large masses of matter in rapid rotation, or in the case of 
single engines provided with a pneumatic equalizer, it may be dispensed 
with all together. If the speed of an engine be doubled, a fly-wheel of 
one fourth of the ordinary weight will produce the same effect as a common 
fly-wheel with the engine moving at the usual velocity. We here subjoin 
some standard examples of Boulton and Watt*s engine, which show that 
7n, or the proportion between the energy of the rim of the fly-wheel and the 
power exerted by the piston during one half-stroke, even in those engines 
varies considerably. 
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It will be otiMT*ed tbat tlie Tsloe of n varie*, id these eiunplei, &om 
the minimum TOlue, 2'6, to the ""»'■""■" Tilue, 4'16. It may be obeeCTed, 
alio, that the Talue of n dependi upon the nature of the machinerj which 
the engioe haa lo drive. Thai vhen the engine is emplojed to drive large 
roUing-nonea, the value of n is only S'6, for theu stonea act of tbemielvea 
ai fly-vheeli. At the Albion flonr-milla, where each shaft had to drive 
five pain of mill-stones, the valne of n «a> !'77 ; but it «u fbnad, npon 
calculation, that tbeie mill-itonea acted ai efBciently of thenuelve* a* a fly- 
.wheel for which m^7-S ; eo that the effective valueof iiic<2-TT 4-3-9-'5'6T. 
The largest value of n in these examplei Is 4'16i which obtains ia the 
engine erected b; Booltoa and Watt at a dje-honse in Londoo. Thti 
larie valne was neceaaarf because the machinery driven had very little 
momentoni of its own, and because in tbat case great regularity of velocity 
was coniidered necessary. In the preceding examples the mean value at 
n is 3'ia. Form ' . .> . . 



Perhaps the average i 
takewS); for we think it better b 
value the equation becomes 



err in ezcesi than in def^ For this 



«^!5i lyggyS ' 

The constant I has difTerent values for different materials : 
for malleable iron i= 7-63. 



And for these different valuea Ol 
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In general the fly-wheel makes one revelation fbr each doable ttroke of 
the engine, sotbatn^l. Taking this value of n, it will be seen that the 
fhrmula for the sectional ares of rim, when constructed of cast iron, is 
identical with the rale given for the same purpose in psge 1S7. 

Fly-wheels are sometimes employed for other purposes than merely 
regulating the velodty of the steam-engine. Whenever the employment 
of an engine is such that an enormous force is required to act only 
for short times, snch as when it is employed for rolling iron, or for 
uaminng coins, then ta enormoos fly-wheel is attached to the engine, 
which absorbs the power generated when the resistance is removed, and 
gives it all the force at once fit the proper moment. In these cases, the 
nuts of the fly-wheel rim is generally much greater than when the fly- 
wheel is only employed to regulate the velocitv, in order that the momenta 
may be accumulated without inconveniently increasing the velocity. In 
some cases the value of m is aa great as 50 ; so that the energy of the fly- 
wheel would be (50-^3) — 13) thirteen times greater than what the propor- 
tions given by our rule would make it. Fly-wheels moving u a great 
velocity should always have malleable iron arms, and the ring shonld be 
cut in a piece, and may be hooped with malleable iron with advantage. 

E DTEQUMJTIES (. 



By the expedients which we have mentioned for equalising the velocity 
of the engine, the motion imparted to the main shaft will approximate to 
nniformity, provided that the moving power of the engine be always pro- 
portionate to the load which the engine has to drive. Bat it is obvious 
that in the {general application of the steam engine lo the purposes of mann- 
fkcture. provision must be made for a considerable variation of the amoant 
of resistance. If, while the amount of resistance was changed, the energy 
of the moving power remained the same, then the velocin would alio 
change, increasing as the resistance diminished, and diminishing as the 
' --^ increased. It is obvioni that an expedient for redretting the 



inequalities arising from this source may act npon the principle ot regn. 
latiug the supply of steam from the boiler. The elastic force of the steam 
is the moving agent of the whole machine 1 so that if we wish to keep the 
mean velocity constant, we must regulate the supply of steam to the amoant 
of resistance lo be overcome. The simplest contrivance for this purpose it 
represented in jig. 22, at page 18. of this work. This contrivance is well 
known under the titie of the ibbottle viLVEi so called from its agency 
in cutting off the supply of steam by throttling it in the steam pipe. It 
consists of an axis placed across the steam pipe so as to fiirm the diameter 
of a section of the pipe, and on this axis ia fixed a thin circular disc Z, 
of nearly the same diameter as the inside diameter of the steam pipe; so 
that when the axis is turned to a certun position, the supply of steam is cat 
off altogether. On one end of the axis is placed a short lever or bandle 
Zw, by which it can be turned in either direction. When the handle it 
tnmed so that the plane of the disc is nearly at right angles to the direction 
of the steam pipe, the passage within the pipe is closed altogether, and 
no steam can find admission to the cyhnder. On the other hand, when 
the handle is tnmed about a fourth of a complete revolution from thit 
position, the plane of the circular disc will then be m the direction of the 
length of the pipe, so as to offer little or no opposition to the passage of 
the steam. By tnming the handle to any other angle, the disc may be 
made lo offer any required degree of oppowtion to the passage of the steam. 
In the woodculs referred to the valve is represented in an intermediate 
position betwixt its position when the steam is cut off entirely, and 
Its position when the steam is allowed to past freely. A view of the vaivs 
as seen by a section of the steam pipe, is represented in one of the parta of 
Jig. 2!., and a section of it through the axis of the steam pipe it represented 
in the other. The form of the valve is obviously such that, if constracted 
accurately, the pressure of the steam in passing from the boiler will have 
no tendency to change any given position of the valve. If constructed 
accurately, the quantity of sui&ce on both sides of the axis is equal, and 
therefore the pressure of tie steam balances itself on the axis, so that it can 
have no tendency either to change the valve from its existing position, 
or to oppose the efi'ect of a pressure upon the handle^ Any slight in- 
Bccnracy in the constrnction of the valve, which would give the steam a 
eapability of changing its position, would be counteracted by the friction of 
the valve on its axis. 

By this expedient the variations of the velocity of the engine, consequent 
upon the inequalities of resistance which the engine has to overcome, may 
be remedied. If the load on the engine be lightened, then, the supply of 
the steam continuing the same, the motion will be immediately accelerated, 
but the tendency will be counteracted if the attendant workman turn round 
the handle, so as partially to dose the valve. 1^ on the other band, the 
load on the engine be increased, then, the supply of the steam continuing 
the same, the motion will be immediately retarded. To counteract this, 
the attendant workman must turn round the valve, so as lo admit a greater 
supply of steam. By the adoption of these means the mean velocity of the 
engine would be rendered uniform, provided the vigilance of the attendant 
workman were tafflcient for the due management of the valve, and provided 
that the evaporating power of the boiler continned in sufficient activity to 
supply the greatest amount of steam which would ever be necessary for 
the maintenance of the mean velocity when the valve was ftilly open. 

For some purposes engines are thus regulated by hand at the pteasnre 
of the attendant workman. In general, however, the proper manipulatioQ 
of the handle Is Impracticable with any degree of vigilance and skill which 
could be obtained from the persons employed to attend the engine. Before 
the steam engine could be employed in those cases where great uniformity 
of velocity is required, it was necessary that means should be found for 
enabling the engine itself properly lo manipulate the valve without any 
care or attention on the part of the attendant workman. Watt, after trying 
several expedients, fixed upon the conical pendulum or governor as the 
best adapted for this purpose, the prIndpU of which has already been 
explained at page 18. 



THE COTEHNOB. 

Inthemechamsmofthe governor as represented in^.as., EEr«_ 
two heavy balls of iron, which ore suspended from the point t by niiubte 
arms. These bars cross one another at t, forming a joint there, and are 
continued to / At / these bars are joined by pivots to other ban /*, 
which last fit into a ring or collar of metal at F, placed on the npfigj" 
spindle, so as to be capable of a motion upwards and downwards. The 
lever FGHresu npon a bar at G as fulcrum, and is connected to the ring 
of metal at F by means of a forked end interposed between two collars on 
the sliding piece. In this species of connection It is obvioos that the ring oT 
metal may revolve with the spindle without moving the lever, hot that it 
cannot move upwards or downwards on the spindle without at the same time _ 
depressing orraising the remote extremity, II, of the lever. The ban E»/" 
pass through slits in a metallic oreh, which is firmly fixed to the upright- 
spindle, BO that ihe balls, the arms, and the spindle must all revolve at th^ 
same time, li, now, ie spindle be made in any manner whatever U " 
revolve with a certain velocity, say thirty revolutions per minute, the hr"' 
EE will diverge tram the spmdie till their centrifugal force balancet "■ 
weighL Let uis be Ihe position represented in the figure. If the sj 



Expedient* for regulalinff 
be nude to nuke more Tevolulioiu tlua 30, then the balli will diverge 
mora than what U reprcKnied in the flgope. The pointi //will diverge, 
«Dd bj mean* oT the bus fh pall dovo the one end F oT the lever FH, 
ftnd raise the other end H. Ttut, bj the mechiniim represented in the 
flgnre, Tonld obvionily tend to that the valve, and to eat off the mpplj of 
■team. If; on the other hsod, the spbdle be made (o perform fewer revotn- 
tion* per minnte than 30, the balls will collapse more than what U repre- 
•ented in the fignre. The points //'will qtproach to one another, and bj 
means of the aim* /A force ap one end F of the lever, and depress the 
other end H. This will obviously lend to op«D the vslve, and to increase , 
the nipplv of steam. After this action is nndentood, it is not difficolt to 
Me bow this expedient may be advantageously emplojed to regulate the 
velority of the engine. Suppose that by some mechanism or other the 
spright spindle i* so connecMd with some moving part of the machinery, 
that when the velocity of the engine is ondaty accelerated, the spindle per- 
fbnas more than 30 revolntions, and that when the velocity of the engine 
is andnly retarded, the spindle peribrms lest than SO revolutions per 
miniue, then this expedient becomes a regulator of alt the Inequalilies of 
velocity arising from the variations in the amouat of resistance to be over- 
come. The upright spindle may be connected with the fly-wheel shaft 
hj means of an eadless cotil passing over a (mail grooved wheel d on 
the axis qf the spindle, and working into a similar groove on the fly-wheel 
shaft, or by gearing, which is a preferable mode in large engines. By 
properly proportioning the diameters of these wheel*, the spindle may 
be made to perform any nomber of revolutions per miaule. It is obvious, 
that bj these means the speed of the grooved wheel d may be considered 
■• representing the speed of the fly-vheel, and of the machinery which tbe 
fly-wheel drives. After these obKrvations, and the remarks upon the 
snttject we have already made at page 34, the principle which renders the 
governor so admirvble a regulator of the velocity of the machine will be 
easily apprehended. Let I denote the time in seconds of a periodic re- 
volatiim of the balls, and h the height in inches of t above the horiiontal 
plane pasting through the centre of the balls i then, according to the formula 
which we have given in page 34,— 

(- -31986 v'l 
Let ■ denote tbe unmber of revolutions per minute, then we have the pro- 
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or iiialBT'5S4- -/K which also may be written A>a3SIS6-i-n*. We have 
•apposedJI;.S3.,pag«18.,toreiire«ent ihedivergenceof the balls when the 
■pmdle was making 30 revolutions per minnte. In that case iie>30, and 
ioS9l86-=-30* -39186 -(-900 = 39-09 inches, or about 39^ inches. Now 
(npoM that the velocity of tbe engine was accelerated so much that the 
Handle perftirmed 31 revoludons per minute; then, taking 11=31, we 
(Atain A=-35186-^31'=3SlS6-i-961 '='36-61 inches, or somewhat mare than 
364 inehes. Thus, before tbe spiadle can perform one more revolution per 
minute, the planeof revolution of the balls rises 39^— 3&^e.2J^— 1) inches, 
which obviously would cause a very great change in the angle of di- 
vergence of the arms E t/. Suppose, on the other hand, that the velocity 
of the engine were retarded so much that the spindle peifbnned only 29 
revolutions per minute. Then, by taking n^39, we find A-3SlB6-r-39* 
—SSISG-§-B41— 41-84 inches, or between 41] and 42 inches. Thus before 
the spindle can perform one less revolntioa per minute, tbe plane of revo- 
lution of the balls must bll 41-84 — 39-1 ^S'74—Sj inches nearly, which 
would obvionsly cause the angle of divergence of the arms E s to diminish 
very conuderably. The efficiency of the governor in regulating the sap- 
ply ot Steam depends very much upon the mechanism employed to com- 
monicata Its agency to the throttle-valve. We may suppose die relations 
of the different bars B e/ /A, F G H, and H kt, to be such, that when the 
horiiontal plane pasting throngh the centre of the two biJls EE is only 
S6-61 inches below tbe point of aaspeuBiou t, the throttle-valve would 
entirely close up the steam-pipe, and that when the horiiontal plane 
patting through the centres of the two balls EE is 41'84 iachet below the 
point of sospeusion e, the throltle-valve would be fully open. On this 
mpposilion the effect of the governor would be, tbat the engine could 
never be so much retarded as that the upright spindle perfbnned less than 
19 revolutions per minute, or so much accelerated tbat the upright spindle 
pe r formed more than 31 revolutions per minute. This would ensure that 
the greatest change of velocity of any part of tbe machinery could never 
axceed j^~i^ef its mean velocity, — a variation which in practice is scarcely 
perceptible ; so that such a governor might be considered as practically per- 
net la tbe best modem engines tbe amount of variation is seldom less 
than one-lcnth of the mean velocity. But we may easily suppose the 
governor to be so connected with the engine as to act with even greater 
efficiency than the one which we have described. The governor can be so 
pro p ortioned, and so connected with tbe engine, a* to make 60 revolntions 
per minnte ; and the mechanism connecting it with the throttle-valve may 
be to contrived, that when it makes 59 revolutions per minute the valve 
may be fhlly open, and that when it makes 61 revolntions per minute the 
valve may entirely closed. In this case the greatest variation of the velo- 
city of any ran could never exceed one-thirtieth of (he mean velocity of 
thn pan. Inde ' ' " -^ - ■ — .-— -> — - .._ _ 



a theory there it no Umitaiioc to the degree of t^- 



lari^ which may be produced by the i4)plieatiott of the goveraor. Prkc- 
tical considerations, however, limit the application of the principle in 
several ways. It has been fbund inconvenient, fbr example, to aUow 
minnte alterations of the governor to aSect sensibly the position of tha 
valve, and in order to prevent the inconvenience anung from a continual 
changing in its position it is found expedient to construct the governor 
such that even a considerable change m the divergence of tbe balls shall 
not produce too much alteration in the opening of the valve. This ccm- 
sideration, and several ochen, limit the application of the governing 
principle, and prevent engineers from appraximating so closely to theoivlical 
perfection, as the priucipTe permits. 

In the construction of a governor to regulate a partieolar engine, it ii 
neceuary to consider the position of the balls corresponding to the mean 
velocity of tbe engine, the range of motion which must be given to the 
atint so as to enable them to confine the variations of velocity within 
certun limits, and the weight of each of the balls. We proceed to oon- 
sider each of these pointt separately. 



lotions per minnte. This is found from the formula 



From wluch ve have the following rale : — 

Rdle. — To dtttrmit the lulght of At point of ratpenuon ahett Ae plaat <^ 
lie &aUi, ahm moving with nuan vtbKity. — Dioidt the nuabtr 3SIB6 by 
<Ae j^iiare qflhe nwaa aiimier iff rtvolatunu per minute, llu qimtitnt it 
lilt lieighl of the point of mpention about tie plane of iJie ImBm vAen nttmiiig 
wiA mean E^adty. 

Example l.^ln a partieolar engine the goveraor is to connected with 
the fly-wheel shaft, that when the engine it moving with average velocity 
the upright spindle makes 40 revolutions per minute. Required the proper 
height of the point of sospentioD above the plane of the biJlt. 

In this example — 

3S1S6 S51S6 
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to that the proper height is about 2S inches. 

Example S. — Tbe goveraor spindle is driven by the fly-wheel shaft by 
means of an endless cord pasung over a groove on the apindle, and another 
groove on the fly-wheel shaft. The diameter of the groove on the 
governor apindle is 9 incnes, and tbe diameter of the groove on the fly- 
wheel shaft is 12 inches. The engine has a stroke of 8 feet, and the mean 
velocity of the piston is S56 feet per minnte. Required the proper hnght 
of the point of anspension above tiie plane of the ball*. 

In this example, aince the mean velocity of the [ustou ia 2SG feet per 
minute, and the length of the stroke 8 feet, it follows that the engine makes 
256.^8-33 single strokes, or 16 double stroke* per minute. The fly- 
wheel makes one revolution for each double stroke of the piston, and 
therefore the fly-wheel alio makes IG revolotions per minute. Ilie number 
of revolutions of the fly-wheel shaft is to the number of tbe revolutiont of 
the governor spindle inversely as tbe diameters of the groovea ; to that wt 
hare the proportioa 
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—77 '31 inches. Thit propcotion 



Hence, according to the rule — 

35186 85186 

*-"(ill)'-4S5J 

is one never employed in practice on accoont of the i 

dimenuons ; but it is that proper to the data assumed. 



This depends entirely upon the amount of variation of velodty wUeh 
may be permitted without detriment to the work upon which the engine it 
applied. We have already shown, that when the governor perfbnned on 
an average 30 revolutions per minnte, a variation of velocity equal to one- 
fifteen^ of the mean velocity required only a range corretponding to a 
vertical height of 5-23 (■"41-84 -36-61) inches. But we alull now eon- 
duct the inquiry in general terms. 
Let 

fcamean veloci^ of any movingpart of tbe machinery. 

ii_nnmber of revolntioas of the goveraor spindle corresponding to v. 

t— bright of point of tntpension above the plane of balls eoneiponding 
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9-f }mo>-(l+jni) o=inaximnin velocity of any moying part of the 

machinery. 
A' svalae of A corresponding to (I + 1 m) v. 
V— 1 mv a (1— i ») »=minimuni velocity of any moving part of the 

machinery. 
A| a value of A corresponding to velocity (1 — \ni)v 

Then we wish to find the valae of A|— A*. It is obvions that the value 
of n corresponding to the maximum velocity will be (1 +lw) a, and the 
Talue of II corresponding to the minimum velocity will beCl-}*")"* 
Hence, according to tiie rule, / 

35186 ;. 



A« = 



1+Jmyn« 



and therefore, ^ 

A,-A» 



35186 
^»"(l-im)«n« 



35186 



aj)186 






{\-{myu* (l+4m)«a« , /_ : ^ 

35186 X {(1 -i-4iii)»~(l -j w)*] ' 
(l-im)«x(l+im)«xn« 

35186 2 w 

35186 32 m 



;i 



32 m 
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This formula is too complicated to be easily expressed in the form of a 
rule ; but its applications may easily be apprehended from the following 
examples. 

Example 1. — The governor of a steam-engine performs 30 revolutions 
per minute wben the engine is moving at the average speed. Required the 
range as expressed in vertical height of the arms of the governor, such 
that the difference between the maximum and minimum velocity of any 
moving part should never exceed one-fifteenth of the average velocity of 
that part 

In this example "*""~T5~» ^^ ^ ^^ ^^^^ shown previously, A =-39*09. 
Hence, 



A,-A> 



32x^ 



('-("'■) 



J V, I X 39*09 inches. 



32 x 15» 
(4xl5«-l)* 

32 X 3375 
'(4x225-iy 
32 X 3375 



X 39*09 inches. 



X 39*09 inches. 



899" 
108000 



X 39*09 inches. 



X 39*09 inches. 



808201 
S3 '134 X 39*09 inches. 
b5*23 inches, 
which is the same result as formerly. 

Example 2. — The governor of a steam-engine performs 21) revolutions 
per minute when the engine is moving with average speed, in which case 
one of the shafts driven by the engine performs 80 revolutions per minute. 
Required the vertical range of fiie balls of the governor, such that this 
shaft should never perform more than 84 or less than 76 revolutions per 
minute. 

In this case m8 8-r80sl-rlO, and, as we have shown formerlv, A» 
77*31. 

Hence 



Aj-A» 



32^-10 



(^-(i^y) 



j-rjr^ X 77*31 inches. 



32 X 103 



• X 77*31 inches. 



(4xl0»— 1) 
32x1000 ^^ ^ . , 
' (400 -ly ^ ^^'^ inches. 

32000 .. . ^ 
X 77*31 mches. 



399* 
32000 



X 77*31 inches. 



159201 
B*201x 77*31 inches. 

M 15*539 inches, 
•r a little more than 15} inches. 



I We may conclude these investigations respecting the governor with a 
summary of the most important points in the rationale of its operation. 
The governor may either be considered as a conical pendulum compounded 
of the movements of two pendulums vibrating at right angles with one 
another, or it may be viewed simply as a system of revolving balls, of 
which gravity is the centripetal force. In && former case the governor 
will make half the number of revolutions that a pendulum of the same 
vertical height makes of vibrations ; and if the speed of the governor be 
urged beyond this point, the arms will fly out and diminish the vertical 
height, until it just becomes equal to the length of a pendulum that makes 
twice the number of vibrations in the minute that the governor makes of re- 
volutions. Every one knows that if the length of a pendulum be diminished, 
it will make a ^eater number of vibrations in a given time than before ; 
the cause of which simply is, that the steepness of the arc in which the ball 
of the pendulum descends is then increased, and it consequently descends 
with a greater velocity. The length of the seconds' pendulum at the level 
of the sea in London is 39*1393 inches, and the number of vibrations made 
in a given time by pendulums of different lengths varies inversely as the 
square roots of their lengths. The proper speed for a governor, therefore, 
with a vertical height of about 39 inches, is 30 revolutions per minute, 
which accords with the preceding determinations ; and similarly if the 
vertical height of governor proper to any other number of revolutions be 
required, it is only necessary to find the length of a pendulum, which will 
give twice the number of vibrations, or the rule may be adopted that is 
given at page 34. If the number of revolutions and the length of the arm 
be fixed, and it is wanted to know what is the diameter of the circle de- 
scribed by the centre of the ball, it is necessary to find the vertical height 
by the foregoing rule ; or the following may be adopted. Divide the con- 
stant number 187*68 by the number of revolutions per minute, and the 
square of the quotient will be the vertical height in inches of the centre of 
suspension above the plane of the balFs revolution. Deduct the square of 
the vertical height in inches fh>m the square of the length of the arm in 
inches, and twice the square root of the remainder is the diameter of the 
circle in which the centres of the balls revolve. The vertical height of the 
governor is in every case taken as the distance between this circle and the 
point of suspension. 

In considering the governor as a system of bodies acted upon by centri- 
fugal and centripetal forces, the same results are obtained as where it is 
regarded as a conical pendulum. The horizontal distance of the ball from 
the spindle, divided by the vertical height, will give the amount of centri- 
petal force ; and the velocity of revolution requisite to produce an equiva- 
lent centrifbgal force may be found by multiplying the centripetal force of 
the ball in terms of its own weight by 70*440, and dividing the product by 
twice the distance of the centre ball from the centre of the spindle in inches. 
The square root of the quotient is the right number of revolutions of the 
spindle per minute. Considering the question in this way, we first fix the 
length of the arms and the diameter of the base of the cone, or what is the 
same thing, the angle at which it is desired the arms may revolve ; and 
then, by the rule given above, we make the speed of revolution such that 
the centrifugal force will keep the balls in the desired position. Blanj 
persons find some difficulty in considering the governor as a pendulum, 
inasmuch as it may be driven at any speed ; but each particular speed has a 
vertical height of the centre of suspension above the plane of revolution 
proper to itself, and one condition cannot be altered without affecting the 
other. The method of considering the governor, however, as a revolving 
system of balls, does not involve this difficulty, and to many engineers it 
will therefore be the most satb&ctor}-. 

WEIGHT OF BALLS. 

The proper weight of balls depends principally upon the nature of the 
mechanism employed to transmit the agency of the governor to the 
throttle-valve. In practice they are generally somewhere between 30 and 
80 lb. each. It may be remarked in general, that of two governors per- 
forming the same number of revolutions per minute, the one which is 
farthest removed from its throttle-valve, and which is consequently con- 
nected with it by the most complicated mechanism, ought to have the 
heaviest balls. No general rule founded upon theory can be given for de- 
termining the proper weight of these balls in any particuUr case. In fact, 
according to theory the agency of the governor is altogether independent 
of the weight of the balls ; for the balls perform the same number of revo- 
lutions per minute, and revolve at the same distance firom the spindle, 
whatever is their weight The truth of this remark wUl appear clear 
enough if each ball be supposed to be compounded of a number of smaller 
balls, each of which would certainly keep the same position as the larger 
ball ; and every particle may therefore be supposed to act for itself. 
Though the centripetal force of the balls be increased, therefore, by adding 
to their weight, yet, inasmuch as their centrifugal force when in motion 
is increased in the same proportion, their position, when the governor is 
set into revolution, cannot be affected thereby. An increase in the weight 
of the balls gives the governor more power to open or close the throttle valve, 
but does not in any other way affect its operation. Large engines, where 
the valves are large and stiff, require to have the balls cf the governor of 
corresponding size, especially if the connexions between the governor and 
throttle valve are stiff and complicated ; but in no other respect is the lixa 
of the balls of importance. 
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The principle on which the gOTernor acts, necessarily supposes temporary 
variations of the speed. The governor, theoretically speaking, does not 
maintain a uniform velocity, hut restores it af^er it has heen disturbed. 
Suppose that, either by reason of the diminished load upon the engine, or 
an increased evaporative power in the boiler, the speed of the engine is 
accelerated, the governor, being immediately affected, will cause a corre- 
sponding idteration in the throttle-valve; but in general, this alteration 
being too much, the velocity of the engine will be too much retarded. 
This second error will again affect the governor in the contrary way, and 
the speed will now be increased beyond the proper limit. Thus a succes- 
sion of alternations of effect will ensue, until the governor settles down into 
the position corresponding to the proper speed. The agency of the 
governor is never brought into use h^fore a change of velocity has taken 
place. The very supposition that a governor acts, presupposes that a 
change of the speed has ensued ; and which, though it corrects, it cannot 
prevent from arising. 

YABIETIES OF GOVERNORS. 

In engines employed to pump water for the supply of towns, another 
expedient has been employed to produce the same effect as the governor 
which we have just described, which consists of a small cylinder with a 
piston in communication with the main pipe, through which the enmne 
forces the water. The piston of the cylinder is loaded with a weight 
corresponding to the velocity with which it is wished that the engine 
should move, and is raised by the compressed air in the air-vessel of the 
pumps. When the engine is moving with an accelerated velocity, the 
increased pressure of the water forces up the loaded piston. When, on the 
other hand, the engine is moving with a retarded velocity, the diminished 
pressure of the water allows the loaded piston to fall. It is obvious, that 
by properly connecting the piston-rod of this piston with a throttle- valve 
fai the steam-pipe, the engine would become its own regulator. This 
plan, so simple in theory, is attended by so many difficulties in the con- 
struction and in the practical working, that it is now universally abandoned. 
We may mention, that when this plan was in use, in order to prevent the 

Siston fh>m acting too sensibly upon the throttle-valve, it was customary to 
ave the load divided into links like a chain ; so that when the piston 
ascended, more links were raised, and consequently the load was increased, 
and when the piston descended, the links by resting on the ground dimi- 
nished the load. 

The principle of the preceding expedient has sometimes been employed 
to regulate the mean velocity of the engine, by varying the rate of expan- 
sion used. The up and down motion of the small piston b employed to 
a^ost the tappets which shut off the steam. The motion of the small 
piston is communicated to a wheel which turns a pair of bevelled wheels, 
one of which is on the square part of a rod attached to the plug-tree. 
The effect of the mechanism is, dat when the motion of the engine is too 
rapid, a rod is turned, which moves the tappet so as to cut off the steam 
sooner ; and when, on the other hand, the motion of the engine is too slow, 
the tappet is moved so as to be longer in cutting off the steam. When the 
engine is moving at the proper rate, the tappets remained undisturbed. 
This plan, however ingenious it may be in conception, does not work well 
in practice. It wants the simplicity which characterises the action of the 
governor, and has long been discontinued. 

The conical pendulum is the governor employed almost universally 
for the regulation of the speed of rotative steam-engines. Yet other 
kinds have been introduced, and in some instances with a good effect. 
One very sensitive governor consists of a cylindrical double bellows, 
worked by the engine, and furnished with a small cock at the orifice at 
which the air escapes, so that it may be contracted at pleasure. When the 
engine runs beyond the right speed, an additional quantity of air is taken 
in by the bellows, which, as it cannot obtain a fVee exit by the orifice con- 
tracted by the cock, raises up the superior or floating part of the bellows, 
to which a rod is attached that closes the throttle valve. When the speed 
slackens, the floating part of the bellows subsides, and opens the throttle- 
valve, until, after a few fluctuations, a mean point is reached — determined 
hj the size of the orifice left for the issuing air — at which the floating part 
of the bellows will remain nearly stationary. A bellows on this plan has 
been for some years attached to the engine that gives motion to the ma- 
chinery in Truman and Hanbury's brewery, and its operation is spoken of 
by Mr. Davison, the engineer of those works, in the highest terms. 

Another plan of governor was some years ago contrived by Mr. Hick of 
Bolton. Upon an upright spindle he wound a spiral feather, and then fitted 
upon the spindle a single ball, so that the ball might be moved up or down 
on the spindle, but would turn on its axis in the operation. To t]}e ball 
were fixed two vanes, which, impinging upon the air when the ball was 
pot into revolution with a high velocitv, caused the ball to mount up on the 
spiral feather or thread. So long as the speed of the shaft upon which the 
ball was placed remained moderate, the ball continued at the foot of the 
spiral ; but when the speed was increased, the impact of the vanes upon 
the air so fiu" resisted the rotation, that the ball rose on the spiral feather 
in opposition to the force of gravity ; and in its ascent it closed the valve. 
A ^vemor upon this plan seems to be well adapted fbr steam vessels, if a 
spring be substituted for the balL The ordinary governor, however, may 
be rendered applicable to the marine engine if the balls be made to move 
out horizontally instead of in an arc of a circle. It is clear that a common 
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governor would not act at sea without this modification, as the balls would 
diverge or collapse at every heave of the ship. In Siemen*s chronometrio 
governor a clock movement furnished with a weight and pendulum if 
employed. The clock movement carries round a bevel wheel at a uniform 
spc«d, and another bevel wheel of the same size, and situated upon the 
same axis, is carried round by the engine in an opposite direction. A bevel 
pinion at the end of a crank arm gears with both wheels in the manner of a 
differential motion, and to this crank is attached a rod communicating with 
the throttle-valve. When both wheels are moving at the same speed the 
pinion remains stationary, but if one wheel travels faster than the other, 
the crank will be carried round upon its axis, and will thereby affect the 
throttle-valve. There appears to be too much complication in this contri- 
vance to enable it to gain an introduction into practice, unless a clock 
movement be required for other uses than that of the engine. 

The governor, as at present applied to regulate the steam-engine, acts 
only on the throttle- valve, to restrain the flow of steam into the cylinder; 
but in our humble judgment it ought also to act upon the injection-valve, 
to restrain the flow of water into the condenser. In all cases of large fluc- 
tuations of velocity, inconvenience and danger is the inevitable effect of the 
injection water being left without due regulation, and in steam-vessels in 
particular, accidents are frequently traceable to this cause. If the injection 
cock be adjusted to give admission to the right quantity of water when the 
engine is "working with a mean velocity, it will clearly admit too much 
when the velocity is arrested so as to be brought to one half or one fourth 
of the common speed ; and as the air-pump cannot, when it is working so 
slow, deliver the water which rushes into the condenser in undiminished 
quantity, the engine becomes choked with water, and the water sometimes 
runs b»!k into the cylinder, and occasions fVacture by resisting the descent 
of the piston. The most common cause of breakages in steam machinenr 
is the entrance of water into the cylinder. Sometimes it passes over wiu 
the steam, when priming in the boiler takes place ; and at other times it finds 
its way from the condenser, and this will more frequently happen if the 
cylinder exhausts from below than if it exhausts fh)m the top or superior 
portion of the valve casing. The right remedy for this danger is to ap- 
portion the quantity of water admitted to an engine to the quantity of 
steam ; and this may be accomplished by placing a throttle-valve in the 
injection pipe, which will also be operated on by the governor. But little 
condensing water will then be admitted when there is but little steam to be 
condensed, and the engine will neither be burdened by needless water nor 
starved into inefficiency by an inadequate supply. This innovation, with 
others of a similar character, were introduced into the Don Joan steamer 
ten years ago, but their intent at that time could hardly be apprehended. 
In steam-vessels propelled by the screw such resources are less necessary, 
as engines work with a much more uniform speed when applied to the 
screw than when applied to the paddle-wheeL 

THE CATARACT. 

The governors we have already mentioned are chiefly applicable to the 
rotative engine. The accredited governor of the single-acting or pumping 
engine, is the cataract, of which instrument there are many varieties. The 
cataract used by Smeaton and his predecessors, we have already described 
and delineated, in page 9. : the modem Cornish cataract is represented in 
plate 6. ** Valve Gearing of a Cornish Pumping Engine," and is shewn in 
connection with the hand gearing, beneath which it stands. The same 
mechanism is again visible in plate 5., entitled ** Cornish Pumping Engine," 
which is an elevation of a pumping engine of much efficacy, made at the 
Hayle foundry. In this last plate, the connection may be traced, of a 
dotted line, between the cataract shaft and the injection valve, situated at 
the end of a curved pipe, bolted on the condenser, and which communicates 
between the cold water cistern and the interior of the condenser. The 
cataract consists of a small pump plunger, and barrel, set in a cistern of 
water, the barrel being furnished on the one side with a valve, opening 
inwards, through which the water obtains admission to the pump chamber 
from the cistern; and on the other by a cock, through which, if the plunger 
be forced down, the water may be sent out again, with a rapidity propor- 
tionate to the size of the orifice left by the cock. The engine, in its upward 
stroke, which is accomplished by the preponderance of weight at the pump 
end of the beam, raises up the plunger of the cataract by means of a small rod, 
represented in the drawing of valve gearing already referred to — the water 
entering the pump-chamber through the spindle valve, which is also repre- 
sented, and filling the pump-chamber completely. By the time the engine 
reaches the top of the stroke, it liberates the rod by which the plunger has 
been drawn up, and the plunger then descends by gravity, forcing out the 
water in the barrel, and at the same time opening the injection YWe, If 
the cock of the cataract be shut, it is clear that the plunger cannot ^Cfoend 
at all ; and as, in that case, the injection valve cannot be opened, th|Jbngine 
stands still : but if the cock be slightly opened, the plunger will descend 
slowly, the injection valve will slowly open, and the engine will make a 
gradual stroke as it gains the water necessary for condensation. The 
degree to which the cock is opened, therefore, determines the speed at which 
the engine moves ; so that by the use of the cataract, the speed of the 
engine may easily be adjusted to the quantity of water in the mine. There 
are other varieties of cataract employed besides that here described, but 
they all depend upon the same general principle. In some cases air is used 
instead of water, and in others a cylinder of oil is employed, fitted with a 
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piston with a yalye after the manner of a pump bucket, and a small side 
pipe, fitted with a cock, which commonicates between the spaces on each 
side of the piston. When the piston of this cataract is forced down, the 
oil^ easily ascends through the valre into the superior part of the cylin- 
der, but when it is drawn up, the oil can only escape by the curved pipe, 
fW>m the space above the piston to the space beneath it, by passing through 
the contracted orifice of the cock ; and, though a considerable counterbalance 
he applied, the piston, if the cock be partially closed, can only ascend but 
slowly. The effect is just the same as in the arrangement first described: 
the oil cylinder is perhaps to be preferred as being neater, when, from the 
nature of the foundations, or otherwise, the cataract has to be set among 
the valve gearing, but in other cases we should incline to the adoption of 
the other arrangement. 

EXPEDIENTS FOB A8CEBTAININO THE STATE AND POWER OF AN ENGINE. 

Water Gauges, — There are three kinds of water gauges : the first the 
ordinary gauge cock, the second the glass gauge, and the third the float. 
The gauge cock, on being turned, shows whether it is water or steam that 
exists at the level at which it is inserted. There are usually three gauge 
cocks inserted in each boiler, at different levels ; and the rule is to so feed 
the boiler that there will be steam in the top gauge cock, and water in the 
other two. The ^lass gauge consists of a ^lass tube set in front of the boiler, 
communicating in its superior portion with the steam space, and in its in- 
ferior portion with the water within the boiler, the position of the tube 
being so adjusted that the water level stands at about the middle of its 
length. The tube is connected at the top and bottom to the boiler by means 
of sockets furnished with cocks, so that the tube may be blown through by 
the steam to clear it, and the water and steam may be shut off if the glass 
breaks. It is unsafe to trust to the glass gauges altogether as a means of 
ascertaining the water level, as sometimes they become choked, and the 
water continues to stand high in the tube though it may have sunk low in 
the boiler. If the boiler be short of steam, however, and a partial vacuum be 
produccHl, the glass gauges become of essential service, as the gauge cocks 
will not operate in such a case, for though opened neidier steam nor water 
will come out, but air will rush in. This sometimes occurs in practice, and 
glass gauges are then found to be of especial value. We may mention, 
however, that a vacuum in the boiler should never be suffered to occur, as 
if the boiler is short of steam the throttle-valve should be closed to a cor- 
responding degree, or a higher degree of expansion should be employed, so 
that the due pressure of the steam may be maintained. A better economy 
is to be realised by this plan of procedure than by suffering the engine to 
draw from the boiler the attenuated steam. In steam-vessels the operation 
of blowing off cannot be performed, unless the pressure of the steam be 
considerably above that of the atmosphere, and the neglect of this opera- 
tion entails evils which are of serious moment, and which are very ex- 
pensive to cure. 

The float-gauge consists of a float resting on the surface of the water, and 
communicating with an index, so that the fluctuations in the water level 
are, by reference to this index, made apparent The float is usually of stone 
or cast-iron, but is so balanced by a counter weight as to make its operation 
the same as if it were a buoy of timber. In land boilers a float is generally 
employed to regulate the aidmission of the feed-water, and the same float 
may also indicate the height of the water within the boiler. The feed-water 
is admitted from a small open cistern at the top of the stand pipe, as shown 
in fig. 230. At the bottom of the cbtern is a valve, which the float opens 
or closes, and into the cistern the water b poured by the feed-pump. 
When the valve is open the water runs down into the boiler, but when 
closed it runs away by an overflow shoot. The foot of the stand pipe 
penetrates to near the bottom of the boiler, so that steam cannot escape 
by it, but the water rises in the stand pipe to a height proportionate to the 
pressure of the steam, and a most effectual safety-valve is thus provided, 
which will come into operation in the event of a dangerous pressure being 
attained. In the stand pipe a float is placed, which rises and falls as the 
pressure of the steam varies, and opens or closes the damper leading At>m 
the boiler flue to the chimney. Some stand pipes are contracted in their 
diameter below the level at which the damper float usually operates, and 
dan^r has arisen fW)m this cause ; for the float has descended into this 
narrow neck when there was no longer a pressure of steam in the boiler, 
and by stopping up the passage it has prevented the access of the feed- 
water. The length of the damper-chain should be so regulated as to ob- 
viate accidents of this description, which are not unlikely to burst the 
boiler, by causing the boiler bottom or flues to become red hot 

Salt Gauges. — In steam vessels it is a commendable practice to apply 
salt gauges to the boiler, so that the water may never be suffered to reach 
an injurious degree of saturation. These gauges usually consist of glass 
balls, which operate on the principle of the hydrometer, rising to the sur- 
face when the water becomes highly concentrated, and therefore heavier. 
In some instances bulbs of this description, enclosed in a large glass tube, 
are fitu»d to the front of each boiler, but the general plan is to draw off 
some of the water into a separate vessel, and then to test its saltness by 
an instrument provided for the purpose. The Don Juan steamer was 
fitted with large copper balls, to determine the saltness of the water in 
the boiler : they were of course totally immerged in the water, and as the 
water increased in density they rose and opened the blow-off valve, which 
was made of such a construction as to be capable of being easily opened. 



There is too much refinement probably in this expedient, and the ball 
requires to be large to realise a sufficient motive force to make the action 
of the instrument certain, jet the operation of the phm is very complete, 
especially if conjoined with a self-acting feed, as was the case in the 
instance referred to. A good salt gauge is still a desideratum, for the 
plan of drawing off water fh>m the boiler, and testing it by a hydrometer if 
very inconvenient in practice. A salt gauge, to be a convenient instrument, 
should indicate, by a hand or other simple appendage, the density at the 
time of observation of the water in the boiler, and such an instrument 
becomes of especial importance if the amount of water blown off be 
regulated by the position of the feed-cocks, as is done in the case of 
Bir. Lamb's blow-off apparatus for steam-vessels, which is now gaining 
an extensive introduction. In this apparatus the mouth of the blow-off 
pipe within the boiler is situated near the water level, whereby it catches 
and removes from the boiler the particles of impalpable matter which, by 
their subsidence on the flues, occasion scale. The collecting mouth, 
therefore, answers much the same purpobe as the collecting vessel referred 
to in page 69., and the impalpable particles arising from the decomposition 
of the salt are carried away with the supersalted water. Mr. Lamb 
attaches a valve to the mouth of the blow-off pipe regulated by a float, 
with the view of preventing the steam from blowing off when the water 
has subsided below the said mouth, which is situated about 12 inches 
beneath the average water line. The float is made of copper, of the form 
of an oblate spheroid, with a tube passing through it for the reception of 
a spindle, the position of which in reference to the float is regulated by 
nuts above and below the float, which connect with screw threads cut upon 
the spindle. The valve resembles a flute key. The lower end of the spindle 
is attached to the valve arm, so as to enable the float to exert a greater 
power, and the upper end of the spindle moves in a guide attached to any 
convenient part of the boiler. By this apparatus the operation of blowing 
off is continuously performed, but when the salt gauge shows that the 
quantity of water blown off is either needlessly great or insufficient, the 
position of the feed-cock is altered so as to give a diminished or increased 
supply. "When more feed-water is admitted, the float upon the suHace of 
the water opens the blow-off valve more widely, and permits a larger 
quantity of water to be blown out ; and when less feed-water is admitted, 
the contrary effect is produced. The operation of the float, therefore, is 
to maintain the water at a uniform level, and also to preserve the water 
within the boiler at a uniform density so soon as the right position of the 
feed cock is ascertained. In boilers which are thus worked, or to which 
brine pumps, or any continuous blow-off contrivances are applied, an 
efficient salt guage is indispensable, as there can otherwise be no intimation 
of the accidental interruption of the operation, and much mischief may be 
the result In the ordinary way of blowing off, where the engineer keeps 
the blow-off cocks open until the water level has descended any given 
number of inches, it is certain that, if the water level descends, a certain 
volume of super-salted water has been ejected ; unless, indeed, as has 
sometimes happened where there is a difference of pressure in the different 
boilers, one boiler has discharged its contents into the other when all the 
blow-off cocks are opened at once. But in the ordinary operation of 
blowing off one boiler at a time, a determinable quantity of water is 
expelled by blowing out at determinate intervals with a certainty which 
leaves nothing to the chances of accidental derangement, and which the 
use of the salt gauge in the case of boilers fitted with any description of 
continuous blow-off is indispensable to insure. 

Steam Gauge, — The steam gauge consists generally of a simple tnbe, 
sometimes of glass and sometimes of iron, bent so as to form the letter U. 
One of the ends is placed in communication with the boiler, and the other 
end is open to the .atmosphere. Into the bent part of the tube mercury is 
poured, which, if not acted on by the steam, will stand at equal heights in 
both legs of the tube. If, however, the steam be admitted to act upon the 
mercury at one of the extremities of the tube, itArill force it up in the other 
leg, and may be made to indicate the amount of pressure on a divided 
scale. The scale is commonly divided into inches and parts of an inch, each 
inch corresponding to a pressure of very nearly one pound on the square 
inch. Some people prefer estimating the elasticity of the steam by pounds 
per circular inch. For this purpose each of the divisions of the scale ought 
to be 1<^ inches, and these divided again into 10 equal parts, when the 
pressure in lbs. and tenths of a lb. will be shown by the s^e. When the 
tube is constructed of iron, it is necessary that a float of wood resting on 
the top of the mercury should ascend above the tube, and indicate on a 
proper scale the place of the mercury. It is clear tha t e|y y inch the 
mercury rises in the open end of the tube occasions a dittKce of level 
of two inches, for the level in the leg pressed on by the st(3K^alIs an inch 
at the same time that the level in the open end rises an inch. Some steam 
gauges consist of a straight glass tube, with one end terminating in a small 
cistern of meroury, while the other end is open, and the mercury is forced 
up into the tube by the pressure of the steam. In this case the graduation 
has to be such that a pound pressure will be represented by two inches in 
height upon the scale, for the level of mercury in the cistern does not sub- 
side appreciably by the rise of mercury in the tube. The syphon gange is 
the one genendly employed, and it appears to be entitled to the preference 
it enjoys. Every boiler ought to be provided with a steam guage as a 
precaution of safety, as well as a means of seeing that the steam is kept 
steadily up. If the pressore rises to any dangerous pitch, the mercury 
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Vill be blown out of the guoge, and the escape of steam will notify the 
existence of danger. In such cose, if the safety valve cannot be raised, 
from derangement or otherwise, the best plan is to open the blow-through 
valve of the engine. To start the engine might cause a flow of water 
from the feed-pump over hot plates wi&in the boiler, if the water be at 
the same time low within it, and an explosion might be the consequence 
of such an indiscretion. 

Vacuum Grau^e, — The vacuum gauge is a barometer for determining the 
relative elasticities of the ur and of the attenuated vapour in the condenser. 
It consists of a glass tube, of which the inferior orifice is inserted in a small 
cistern of mercury, while the superior orifice is fitted with a small pipe, which 
communicates with the interior of the condenser. The air presses on the 
surface of the mercury in the cistern, while the pressure of the condenser 
vapour only exists within the tube, and the mercury rises in the tube to a 
height corresponding to the difference of these pressures — usually to a 
height of about 27 inches. There is a good deal of oscillation in the 
mercury of a vacuum gauge if the cock in the pipe leading from the top of 
the tube to the condenser be opened fully, and it should therefore be nearly 
closed before the observation of the quality of the vacuum is made, else it 
will be very difficult to tell at what point the mercury stands on the average, 
in consequence of its rapid rising and subsidence. In the graduation of 
vacuum gauges reference enough is not generally had to the size of the 
mercury cistern, which is usually made small; and as the subsidence of the 
level of the mercury in the cistern falls considerably when the tube becomes 
full, the graduation, if made in inches, is correspondingly inaccurate, as the 
divisions should be less than an inch apart to represent inches, if the surface 
of the mercury in the cistern falls. Some vacuum gauges are made on the 
principle of indicating the difference between the vacuum in the condenser 
and a perfect vacuum, instead of the difference between the vacuum in the 
condenser and the pressure of the atmosphere. This species of vacuum 
guage is much used in sugar refining, and is convenient there fh>m its 
portable nature ; but it has not met with any extended adoption for the 
uses of the steam engine. A syphon vacuum gauge, like the steam gauge 
in form, is also sometimes used ; but the straight glass tube, arranged in 
the manner we have described, is generally preferred to any other arrange- 
ment. 

TTie Indicator. — The indicator is an instrument fbr determining the 
amount of power actually exerted by an engine. In computing the power 
of engines, one important element is th^ unbalanced pressure of the steam 
on the piston ; and any inaccuracy in the statement of this particular must 
vitiate the calculation, and give an erroneous result. In all ordinary 
eases, even when no expansion gear is used, it is wrong to reckon the 
pressure of the steam in the cylinder as uniform, or the condensed vapour 
as of a constant elasticity ; and to assume that the pressure in the 
cylinder is the same as that indicated by the steam gauge, is to intro- 
duce a fallacy into the computation of power. The use of the indicator 
is to measure and register the variations of pressure during a complete 
stroke of the engine, and thus to obtain accurate data whereby the effective 
power of the engine may be computed. 

The indicator consists of a small cylinder c, plate 4. placed in connection 
with the cylinder of the engine either above or below the piston, and fitted 
with a piston, P, which is connected with the spiral spring, «. By 
opening the cock of the indicator the steam is admitted below the piston, 
P, on which it presses during the whole stroke. If the pressure were uni- 
form, the piston would remain stationary ; but if the pressure vary, the 
piston will have corresponding movements either up or down. If a pencil, 
Pf be attached to the piston rod, it will register the variations of pressure 
upon a piece of paper held against it ; but, unless some provision were 
made to give a clear space upon the paper at each instant of time, one mark 
of the pencil would be upon the other, and the registration could not be 
deciphered : but, if the paper receives a continuors lateral motion in one 
direction during the down-stroke of the piston, and a reversed motion 
during the return stroke, while the pencil moves vertically, a continuous line 
will ha traced upon the paper, which will inclose a space, and the vertical 
ordinates of the figure will represent the effective pressure during a com- 
plete stroke. Instead, however, of using a plane surface, as was done in 
Boulton and Watt*s establishment for some time after its formation, it is now 
the universal practice to wind the paper round a cylinder, or roller, which is 
made to turn upon its axis with a reciprocating motion, and the apparatus 
is thus rendered more compact. If the pressure of the steam were uniform, 
the line described upon the paper would be in a plane perpendicular to the 
axis of the roller, so that, if the paper were unrolled, the line would be 
ttraight The paper is fastened to the roller by means of a catch, A, the edge 
of which is graduated. Before the instrument is connected with the steam 
cylinder, the roller is set in motion, and the pencil then describes a neutral 
line, which represents the pressure of the atmosphere — any vertical ordi- 
nate above this being the steam pressure above that point, and any vertical 
ordinate below, the pressure below it If the connection between the 
indicator and the cylinder be now formed, while steam is entering the 
cylinder, the piston of the indicator will rise ; and, if steam is escaping 
from the cylinder, it will fall ; the extent of rise and &11 being regulated 
by the spiral spring, which yields more as the pressure becomes greater. 
The vertical motion of the pencil, combined with the circular motion of 
the roller, will form a curve more or less regular, the vertical 
ordinates of which represent the values of the steam pressure and 



vacuum during a complete stroke, measured by the scale which it 
marked upon the roller clasp. The graduation of this scale depends 
upon the strength of the spring, «, which forces the piston down 
when the steam ceases to force it up ; because, the stronger the spring is 
made, the smaller is the distance through which steam of a given force will 
compress it by raising the piston. The alternate motion of the roller is 
given by connecting it with any reciprocating part of the engine, such as 
the parallel motion, by means of a cord attached to the pulley, a, which is 
fixed upon the same axis as the paper roller, d. This cord gives motion 
in one direction, and the return motion is received ^m a spring, m, which 
is coiled up like a watch-spring; / is a guide pulley for changing the 
direction of the cord when it passes fh>m the pulley, a ; it is not shown in 
its place except in the bottom plan, where part of it is dotted in. 

Let us now suppose the en^ne to be in motion, and the stop-cock of the 
indicator closed. If the cord be drawn out by hand, or connected with the 
engine, the pencil pressing against the paper will describe the horizontal 
line representing the atmospheric pressure ; and if, when the piston is at 
the top of its stroke, the indicator stop-cock be opened, it will commence 
its registration. When the steam begins to rush into the cylinder, it will, 
of course, also press upon the piston of the indicator, which it will raise, and 
with it the pencil ; and the roller, with the paper upon it, being moved by its 
connection with the engine, a line will be traced upon the paper, which rises 
higher up on the cylinder as the pressure of the steam 'increases, and 
comes lower upon it as the steam pressure subsides. The area of the 
curve traced out by the pencil, therefore, represents the pressure on the 
piston through all its variations, and, when multiplied by the number of 
strokes, represents the power exerted by the engine. This power has no 
connection with the nominal horse-power, which is determined by the 
dimensions of the engine, and which does not vary with variations in the 
pressure of the steam ; but it is the effective power, or the power actually 
exerted. 

The indicator, however, not merely tells the amount of power exerted 
by every stroke of an engine, but the nature of the faults by which the 
power is impaired, A particular form of the indicator diagram shows that 
the ports of the cylinder are too small ; and the indication in such a case 
obviously is to enlarge them. If the valve be wrongly set, the indicator 
will explain the nature of the imperfection, and its adjustment then becomes 
easy. By the indicator too the amount of power consumed by each of the 
several mechanisms of a factory may be determined, and the relative values 
of different oils fixed that may be employed for the lubrication of the 
shafts. If^ for example, it is wanted to know the amount of power con- 
sumed by a fan or a saw-mill that may be driven by the engine, the machine 
in question has only to be put in connection with the engine, while all the 
rest of the machinery of the fiactory is cast off ; and if the indicator be 
applied to the engine, the amount of power consumed in driving the one 
machine will be determined ; and then it will be found, by taking another 
diagram, with all the machinery on, what proportion this part bears to the 
total power. In testing the quality of oils, if it be found that the engine 
requires more power to drive the shafting with one kind of oil than with 
another, that which involves the largest expenditure of power is, of course, 
the worse. To read off the indications of the indicator is a thing every 
one may do after the foregoing explanation. The pencil describes a curved 
line inclosing a space. Across that space any number of lines may be 
drawn at right angles to the atmospheric line. The lengths of the lines 
are then measured on a scale, and their mean taken, which mean represents 
the power exerted, as more fiilly explained at page 246. The indicator is 
an invention of Watt*s, but it does not very clearly appear who it was that 
first applied the pencil to trace a curve. The application was, however, 
first made at Soho, probably by Mr. Southern or Mr. Creighton. 

Continuous Indicator. — A continuous indicator is an instrument that 
will not merely ascertain, but also register the work done by an engine 
during any given period, whereby the performance of one engine may be 
compared with the performance of another, to the end of ascertaining 
which is the most economical in fuel In Cornwall this object is accom- 
plished by means of a counter, which merely registers the number of 
strokes niade by the engine ; but this expedient will only answer where 
the load upon the engine is constant and easily measureable, and becomes 
of but little avail in a steam vessel, where the load is continually varying. 
The invention of an instrument of a simple kind, that will record the vary- 
ing power of the engine under all ciroumstances of speed and variation 
of expansion, becomes an object of no trivial importance, when it is recol- 
lected that such an instrument is indispensable to the success of any 
effectual scheme of registration. By registration we mean the determina- 
tion by an authorised person of the power exerted by steam vessels, or, in 
other words, the work done in relation to the fuel consumed, and the publi- 
cation of these results obtained from a large number of steam vessels at 
regular intervals ; so that it may appear on the hce of a table suitably drawn 
up what steam vessels are the most effectual. These published tables 
would, therefore, be identical in all their main features with the tables pub- 
lished in Cornwall by the Messrs. Lean ; and indeed the measure we pro- 
pose consists in the extension to steam vessels of the system of registering 
the dufy of engines pursued in Cornwall, and which has produced such 
beneficial effects in that district 

The best proof of the saving in fhel derivable fW>m the plan of registering 
the duty of steam engines consists in an enumeration of Uie wonders it * 
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already done ; and we find that the amount of work performed in Cornwall 
by a bushel of coal, represented by 20,000,000 in 1815, had arisen to 
60,000,000 in 1843. Nor is this a solitary case, but, on the contrary, it is 
the average duty of all the engines registered at the two periods, so that 
the expense of niel to do the same amount of work is at present only one- 
third of what it was in 1815, and we think we may add only one-third of 
what it would have been now, had the plan of registration not been adopted. 
The Messrs. Lean have drawn up a table which makes the value of this 
system very conspicuous, and from which it appears that the Cornish mine 
owners are now saying about 85,000/1 per annum in their limited opera- 
tions, by the simple expedient of registering and publishing the duty of 
their engines. Such a practice puts all the engineers upon their mettle, 
and induces an emulation out of which improvement cannot but spring ; and 
at the same time it stimulates all engine attendants to a more sedulous at- 
tention, as any negligence on their part will be sure to tell to their dis- 
adyantase. If su(m a saving can be realised out of the contracted sphere 
of Cornish engineering, what a magnificent result might not be realised by 
the application of the plan to the innumerable steam vessels of this country I 
Yet ihe saving in the cost of the coal in the case of steam navigation, im- 
portant as it would be, is not the greatest benefit of such an economy : the 
powers of steam navigation would be prodigiously increased, and its profits 
correspondingly augmented, by any improvement by which the quantity of 
ooal carried was materially lessened ; for steam vessels could then go 
&rther without a relay of coal, or could carry more cargo, and the growth 
of our steam marine would just be in proportion to the extension of the 
limits which now hinder its development 

It is needless, however, to dwell much on the advantages of the system of 
Tegfistration, as they must be conspicuous enough to every one who gives 
attention to the subject Professor Moseiey professes to have invented an 
indicator of the continuous kind, but it is far too complicated for ordinary 
practice ; and as some of the parts drive the other parts by friction surfaces 
which are apt to slip should a little oil chance to fiill upon them, its indica- 
tions are correspondingly uncertain. A suitable indicator being obtained, 
every steamer of any pretensions should be provided with one, and an in- 
spector should then be appointed, in whose skill and honesty all parties 
have confidence, and whose business it should be to examine the indications 
of the several instruments, and make up fh)m thence tables of the perform- 
ance of each vessel, which should periodically be published. The quantity 
of coal consumed could of course only be got at by a reference to the coal 
accounts of the several vessels ; and it would be a good thing if those coal 
accounts were all kept upon a uniform plan to fitcilitate the discovery of 
this element 

A continuous indicator of a very complete description was some years 
ago brought under the notice of the British Association by Dr. Lardner, 
though its expense and complication were too great to warrant its intro- 
duction in practice. A web of paper was wound upon a small brass drum, 
and a larger drum, which was put into revolution by means of clock-work, 
wound the web of paper off the small drum on to itself. At suitable dis- 
tances round the larger drum pencils of different colours were placed, 
which were acted upon by floats placed in syphon tubes of mercury, to 
which the steam-pipe, condenser, &c. were respectively connected. When 
the pressure of steam in the boiler varied, the pencil attached to the float 
in the syphon guage communicating with the boiler was elevated or 
depressed correspondingly, and traced a line upon the drum above or 



below the right position. At the termination of the voyage the paper was 
taken off and translated into words, and the difference in the colours of 
the different pencils prevented the lines made by each from being con- 
founded with any other. There was more ftrouble connected with the 
use of this instrument than engineers would willingly take, and mora ex« 
pense than the proprietors of steam vessels would willingly incur, added 
to which it took no satisfactory cognizance of any variation in the degrees 
of expansion, though that is the most important of the elements demanding 
registration. 

Qnmter, — The counter is an instrument with wheelwork so contrived, 
that, by every stroke of the engine, an index hand is moved a certain dis- 
tance forward, so that it registers or counts the number of strokes made by 
the engine during any given period. The construction of the counter 
varies very much : in most cases, however, the wheels are moved round 
by^ a pendulum attached to some vibrating part of the engine, the wheel 
being carried on one tooth by every vibration. Some of the French conn* 
ters are extremely neat and portable, being much like a pedometer watch 
in siae and appearance. A very elegant counter for locomotive engines 
has been contrived by Mr. Adie : an endless screw works into the rim of 
two small wheels, situated on the same axis, but one wheel having a tooUi 
more than the other. A differential motion is thus obtained, of great slow* 
ness, for the wheel with the additional tooth will only move slightly mora 
slowly than the other wheel, and the result is indicated by the difference of 
the two speeds. The end of the screw is attached to a revolving part of 
the engine, by means of an appropriate fiisteninff, and the wheels hang 
down Uke a pendulum tram it, and do not turn with the revolving part in 
question, so that the wheels are turned on their axis by the screw, with- 
out anything of the nature of reciprocation. The counter was first intro- 
duced by Mr. Watt, and was attached by him to the Cornish engines for 
the purpose of showing the proportion ot savings in fbel due to him fWnn 
the application of his improved engine, and in the case of those engines 
which were uniformly loaded the counter afforded a correct indication of 
the power exerted. The number of strokes of the engine multiplied by 
the capacity of the pump, and the height through which the water is raised, 
will give a quantity representative of the engine power, and in the case of 
pumping engines, the indications of the counter will enable us to determine 
the dut^y the registration of which has in Cornwall been productive of snch 
beneficial effects. 

Dynamometer, — In screw vessels the forward thrnst of the screw has 
been measured by a dynamometer, an instrument constructed on the prin- 
ciple of a weighing-machine, in which a small weight, or spring pressure 
at the index will sustain a much greater weight or pressure at the other 
end. In the Rattler screw steamer the forward thrust of the screw, as 
determined by the dynamometer, was found to be about four tons, and it 
was also found that when a piece of paper was drawn slowly along beneath 
the index, a pencil attached to the mdex described upon the paper a ser- 
rated line showing great fluctuations of pressure in the different positions 
of the screw. The greatest thrust is when the screw blade is in a line 
with the stern post A dynamometer has also been employed in Woolwich 
dockyard to test the tractive force of paddle-wheel steamers. Morin's 
dyiiamometer is usually employed for ascertaining the resistance of railway 
trains. It consists substantially of two blades of steel, the flexure of whida 
indicates the resistance. 
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COHTDENSINO AND HIOH-PBE88URE ENGINES. 

Wx liave already intimated that steam engines of every kind are divisible 
into two great classes — high-pressure engines and condensing engines. 
Condensing engines are sometimes also worked with a high pressure of 
steam, and the distinctive appellation of high-pressure engines applied to 
engines of which the steam is not condensed, is open to exception; but we 
shall take the name as it stands, as our ambition does not rise to the coin- 
age of a new nomenclature. All locomotive engines are of the high- 
pressure variety ; and generally all engines are made on the high-pressure 
plan, where the carriage of condensing water would be inconvenient, or 
the first cost of the machine becomes a point of more importance than an 
increased consumption of fueL EUgh-pressure engines are, ceteris parilnts, 
necessarily more expensive in fuel than low-pressure engines, as they 
occasion the loss of the power derivable from a vacuum ; and as the quantity 
of heat in the tame weight of steam is nearly the same at all pressures, 
there is no countervailing source of economy to compensate for this 
deduction. The use of high-pressure engines in circumstances in which 
the low-pressure en^e is applicable, is not to be commended ; and the 
high-pressure engine is rarely employed for other purposes than loco^ 
motion on railways, except in the case of very small engines required for some 
temporary or trivial purpose. Considerable numbers of small high-pressure 
engines are sent to the West Indies, for driving sugar machinery, but even 
in that case, though their greater faicility of conveyance is a consideration, 
their use can hardly be defended. Where high-pressure steam is employed, 
it is expedient to make the pressure considerable, as the deduction to be 
made for the pressure of the atmosphere is less in proportion, with a high, 
than with a moderate pressure. Some locomotive engines are worked as 
high as 90lbs. on the square inch. It must be needless to explain after 
our previous expositions, that in the high-pressure engine the steam, after 
having given motion to the piston, is suffered to escape mto the atmosphere, 
whereas, in the low-pressure engine, the steam, after it has impelled the 
piston to the end of the stroke, passes from the cylinder into the condenser, 
where it is condensed by a shower of cold water, its condensation occasion- 
ing a yacuum or void, which sucks down the piston, and adds correspond- 
ingly to the force o^the moving power. 

THE PUMPINO ENGINE. 

We have in page 13, described generally the pumping engme, as arranged 
bjr Watt at an earl^ period of his career, and the modem pumping engine 
differs firom this primitive type only in a few details of secondary import- 
ance ; excepting, however, the use of steam of a higher pressure, and the 
larger employment of the principle of expansion, by which a greatly in- 
ereised economy of fuel has been realised. The engine entitled ** Cornish 
Pumping Engine, Hayle Foundry," plate 5, is a good specimen of the pump- 
ing engine, as now constructed, and represents an engine of noted economy 
in fuel The valve gearing of the same engine is shown in plate 6, entitled 
** Valve (bearing of a Cornish Pumping Engine, Hayle Foundry." This 
valve gearing operates in the same manner as the valve gearing of Watt's 
engine, figured and described in page 1 1. fig. 10 ; but the valves, instead of 
being of tiie ordinary spindle kind, are of the equilibrium description, so 
that the^ may be raised by a trifling force. The equilibrium valve consists, 
substantially, of a cylinder, open at both ends, and capable of being moved 
on a fixed piston wim an upright steuL The cylinder stands over the hole 
in the steam box, and the piston prevents die steam fh>m passing through 
it $ but when the edge of the cylinder is raised from the bottom c^ the box, 
the steam then gains an exit, and it is clear that the cylinder can be raised 
without any considerable exertion of fbrce, as it is pressed equally in all 
directions. Instead of the rubbuiff sur&ce of a piston, however, two ground 
valve faces are employed in practice, and the moving part of the valve if 
not a perfect cylinder, as will be obvious by referring to the right-hand 
figure of the plate of valve gearing. The spmdie valve in this arrange- 
ment, standing to the extreme right, is merely a stop or throttle valve, for 
regulating the flow of the steam. Of the other two valves shown in that 
fi^ire, ths smaller is the steam valve, and the larger the equilibrium valve : 



the first for admittm^ the steam to the cylinder, fbr accomplishing the 
down-stroke of the piston, and the second for enabling the steam above^ 
the piston, at the termination of the stroke, to pass during the return stroke' 
to the space beneath the piston. The eduction valve is seen in the sectioned 
figure on the extreme left of the plate : its function is to let the steam 
escape to the condenser when a downward stroke is to be made. The 
eduction valve is generally opened a short time before the steam valve, so 
that the steam may have a longer time to be condensed, and that the down- 
ward stroke may be accomplished immediately that the steam is admitted. 
The valves are, always, moved by tappets on the plug rod, as in Mr. 
Watt's arrangement, but the details are slightly different, and differ in 
different engines. The details of the specimens we have selected are as 
pood as any that have come under our observation : the condensers, we are 
mdined to think, are often made too small by the Cornish engineers. 

All the Cornish engines are furnished with a steam jacket to the cylinder, 
and, in some cases, a flue winds spirally round the jacket, carrying hot air 
from a small fire in the engine house, to maintain the temperature of the 
steam unimpaired. Where this is not done, the cylinder is encased in a 
large jacket, filled with some non-conductmg substance, or is covered with 
wood. In plate 7, entitled ** Pumping Engine at Vauxhall, by R. Hosking, 
Engineer,** a very effectual casing of this kind is shown ; and the covering 
is extended to the steam pipes and boilers, which are careflilly enclosed in 
the Cornish practice. It is by this effectual prevention of the needless dis- 
persion of the heat, and by the large use of the principle of expansion, 
that the economy of the Cornish engine is realised, for the boiler has but 
slender claims to excellence, and is in every respect inferior to the marine 
boiler, whether flue or tubular. A material economy is certainly derivable 
fW>m the use of the steam jacket, though on what principle such an 
economy should result, is not easily discoverable. The jacket presents a 
larger cooling surfiu^ than the cylinder itself, so that its use mignt reason- 
ably be supposed to occasion an mcreased loss from condensation ; never- 
theless, of two engines, in every respect identical, but one provided with a 
steam jacket, and the other without it, the engine without the jacket has 
given a considerably inferior result ; and the same engine, if worked with a 
jacket, has proved itself more efficient and economical than if worked 
without it We have given in pages 55 and 70, views of Cornish boilers of 
the most approved kind. The boilers are easily made, but the ashpits are 
much too contracted, and the water level is of insufficient area, so that 
boilers of this kind are difficult to keep, and are liable to prime. The 
steam pipe of the Cornish engine is greaUy smaller than is usual in other 
engines, and no inconvenience arises from its contraction, while the loss of 
heat from radiation u diminished. Many of the Cornish engines have a 
steam casing in the top and bottom of the cylinder, as well as around it ; 
and in some also a space is left for steam in the stuffing box, so that if any 
leakage takes place it will be a leakage of steam, which will only increase 
the consumption of fuel, instead of a leakage of air, which will diminish 
the power of the engine. To accomplish this object, the stuffing box is 
made very deep, and above the packing a lantern brass is introduced, on 
the top of which packing is again laid, and the whole is pressed down by 
the gland. The lantern brass leaves a space between the two packings, 
into which steam is introduced by a pipe from the steam pipe. 

In most pumping engines one end of the beam u made longer than the 
other, the intention being to enable the cvlinder to have a lon^ stroke, 
without communicating such a velocity to the pump buckets as will make 
them strike hard, and wear themselves quickly out One advantage of a 
long stroke is, that high pressure steam may be used without being obliged 
to make Uie parts inconveniently strong ; for the principal parts of the 
engine have to be made of the same strength whatever be the length of 
the stroke, and to increase the diameter of Uie cylinder, to compensate for 
shortness of the stroke, involves the necessity of a strong and expensive 
engine. Woolf s plan of employing two cylinders is sometimes used as an 
alternative remedy, and in some recent engines the plan has been much 
simplified, by placing the small cylinder on the top of the large one, and 
working both with the same piston rod ; but, as we have explained in page 
13, there if no theoretical gain by the use of two cylinders; and although 
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there is less irregularity in the impelling force, there is greater com- 
plexity in the machine, so that a long stroke with an unequal heam appears 
to be a preferable expedient. We have already, in page 121., and the 
following pages, shown that there is no loss of power occasioned by the use 
of the crank in steam-engines, and we have here to combat the correspond- 
ing supposition of a corresponding loss in pumping-engines, from the in- 
ertia of the matter put in motion at each reciprocation. The first error, 
that of a loss of power b^ the crank, we have already disposed of, on the 
principle of virtual velocities, in connexion with the consideration, that as 
no power can be created by a mere combination of levers, so none can be 
destroyed thereby. The second, and more respectable fallacy, that power 
is absorbed in incessantly producing and destroying the motion of the re- 
ciprocating parts of a machine, we shall consider at some length, — regard 
being had, in our remarks, rather to the ** number, character, and qualifica- 
tions *' of the holders of the obnoxious doctrines, than to the intrinsic im- 
portance of the heresy itself. 

First of all, then, it is obvious that it takes some power to put a beam in 
motion, supposing it balanced upon its centre ; and when motion has been 
communicated to it, an equal amount of force, applied in the opposite 
direction, is required to destroy the motion. To one contemplating the 
heavy masses of matter to which motion is alternately imparted and op- 
posed, the inference is natural, that a proportion of what would be other- 
wise available power is inoperatively expended, first in overcoming inertia, 
and, second, in destroying momentum. The working-beams and side- 
levers of steam-engines afford the most familiar example of this. We there 
see a weight of several tons, including the various attachments, moving 
with considerable velocity, alternately in opposite directions. Some other 
machines, we shall find, supply more striking illustrations, such as planing 
machines, stone-cutting machines, reciprocating saw-mills, &c. In fact, 
instances of incessant reciprocation are not much less common than in- 
stances of continuous rotation. Unlike the loss (h>m friction, atmospheric 
resistance, viscidity, and imperfect elasticity, we shall find that this loss, if 
any exists, is of a nature susceptible of mathematical investigation. We 
fshall take the reductio ad absurdum plan, and show that if the ultimate loss 
be any thing, it must in some instances be so great as to absorb the whole 
power of the machine. In the case of an ordinary engine-beam, with the 
usual connexions of piston, connecting-rod, or plunger- pole, &c., the inertia 
of the beam, or its resistance to motion, may be regarded as equivalent to 
that presented by a certain weight at each extremity. It is a familiar 
problem in theoretical mechanics to determine at what distance from the 
axis the matter of a beam must be concentrated, in order to oppose the 
same resistance to motion that the beam does in its natural state. This 
distance is called the radius of gyration, and the point the centre of gy- 
ration. Assuming, again, any distance — such, for instance, as half the 
length of the beam — we can determine conversely what proportion of the 
mass placed at that distance will present an equivalent resistance: this may 
be termed the mass of equivalent inertia for that radius. 

Suppose the beam in question to be a prism, of which the length bears a 
great proportion to the other dimcn8i<ms ; then, if we imagine one third of 
the weight to be placed at each extremity, and the rest to be annihilated, 
the resistance to angular motion would continue the same, and one third 
would represent the mass of equivalent inertia. In a common beam we 
may take one fourth as the mass of equivalent inertia at the extremity of 
the lever: to this must be added the gross weight of the attachments to the 
outer ends, and that of the connexions to the intermediate parts, reduced, 
in the proportion of the square of their actual distance from the main 
centre, to the square of the half length of the beam. 

Take, then, the case of a winding engine at an inclined plane on one of 
the coal railways in Lancashire — cylinder, 18 in. diameter; length of 
stroke, 6 ft. ; heavy beam, which may weigh from 2 to 3 tons, one fourth 
of which call 13 cwt.; weight of the other reciprocating parts, say 27 cwt; 
total, 40 cwt. We may then consider the engine-beam as a simple weigh- 
beam without weight, but having suspended at each end a scale-pan con- 
taining 20 cwt This engine sometimes makes forty strokes per minute, 
giving a velocity of 480 ft. per minute, or 8 it. in the second ; in the fourth 
part of a stroke, or three-eighths of a second, this weight has had a velocity 
of 12 ft. per second communicated to it, the maximimi being to the average 
velocity as the semi-circumference to the diameter ; so that a force had 
been in operation which, acting for one second, would produce a velocity 
of 32 ft per second. 

To put 2 tons in motion, at a velocity of 12 ft. per second, requires a 
mechanical power equal to the descent of that weight through the space it 
would fall freely, to acquire that velocity — that is, through 2 ft 5 in. : 
thus, during each half revolution, or single stroke of the engine, we have 
a force expended equal to 2 tons, or 4480 lbs., moving 4 ft 10 in. ; but 
the piston having an area of 254 square inches, it will be found that a 
pressure of 14 lbs. per inch is absorbed in moving and checking the re- 
ciprocating parts. The ordinary pressure in the boiler may be from 25 to 
30 lbs. ; but the actual pressure on the piston cannot, at that speed, exceed 
15 or 18 lbs.; and thus we should have three fourths or seven eighths of the 
whole power spent in moving the working parts. In spite, however, of 
this great deduction, the engine is found to perform its work with ease ; 
which could not be the case if the loss were a real one. In fact on the 
above computation, supposing the velocity to be somewhat increased, it 
would take more than the whole pressure of the steam merely to keep the { 



engine going. So far, however, from this being the case, it is found that 
when the pressure on the piston is constant the useful effect is in the direct 
proportion of the velocitv. 

Let OS now take a dilferent example. Suppose the case of a pumping- 
engine with 72-inch cylinder, and 10 ft. stroke, weight of plunger-pole, 30 
tons, with balance- weight at other end of beam ; weight of reciprocating 
parts referred to the end of the beam 7 tons, total reciprocating weight in 
lbs. 150,000. Suppose the number of strokes to be ten per minute, and a 
pause of half a second to be made after each single stroke, the average 
speed of the piston would be 240 feet per minute ; and conceiving the 
acceleration and retardation to take place uniformly, the greatest velocity 
will be 480 feet per minute, or 8 feet per second, which is the velocity a 
body falling freely through the space of one foot would attain. Now, 
taking the power spent in retardation as equal to that spent in acceleration, 
we have for each double stroke of the engine a weight of 150,000 lbs. 
moving 4 feet (equal to 600,000 lbs. through 1 foot), which, reduced in the 
proportion of 4 : 20, gives 30,000 lbs. as the constant pressure upon the 
piston, »7i lbs. per square inch, supposing both strokes to be effective, but 
= 15 lbs. supposing only one, — an amount which in most cases would be 
more than sufficient to absorb the whole power of the engine. In this 
computation, we have proceeded on the authorised plan of adding the force 
required to put a body in motion to that required to destroy the motion^ 
and presented the two as the sum of the power expended ; but the truth 
is, that these two forces, being exerted in opposite directions, not their sum, 
but their difference, should be taken, and these being for the most part 
equal, they neutralise each other, and the actual power absorbed is just 
nothing at all. In the case of the water in the pumps the same remark is 
applicable, for though power is consumed in putting it into motion, this 
power is again given out in maintaining the fiow after the stroke has ter- 
minated. In the Cornish engines this action is particularly visible, and the 
water will be found to continue to flow from the pump fbr some time after 
the completion of each stroke. 

The pump-valves of engines working high lifts arc a continual source 
of trouble and expense, and many expedients have been contrived to abate 
the shock and tremor caused by their rapid closing. Of these, the best is 
probably the valve known as Harvey and West's, which is, in all its ma- 
terial features, identical with the balance-valve, represented in plate 6 
entitled ** Valve gearing of a Cornish engine." This valve presses down 
with very little force, and an annular recess is ft*equently made in the 
pump bucket, which is filled with end wood, on which the valve fiUls. A 
good plan would be to make in the valve a recess, to be filled with water, 
which must be forced out by a corresponding protuberance on the bucket 
before the valve can close, and the necessity of forcing out the water will 
cause the valve to close gradually, and thus take away the shock. In some 
of the French and American engines, canvass valves are used even for the 
air-pump ; and the plan has been recently introduced into English engines, 
which are intended to work at a high speed — in some cases with good 
effect; though in others, probably from the emplo3rment of an inferior' 
quality of canvass, the valves have worn out very quickly. The bucket 
consists of a metal disc, perforated with a large number of small holes, 
and these holes are all closed by a canvass disc, which rises and fhlls like 
a common pot^lid valve ; with the exception that it is bound down at the 
eye, and the edges only left Indian rubber has been tried as well as can- 
vass, but it sinks too much into the holes, and has not answered so welt 
Plies of canvass, stuck together by Indian rubber, would probably be the 
best material 

If there be any case in which the use of an engine-beam can be excused, 
it is in the case of a pumping-engine. Direct action is inconvenient and 
precarious over the mouth of a mine, and we do not conceive that the 
beam of the pumping-engine is likely to be so soon discarded as in other 
cases. The main-beiim rests on a wall of masonry near the mouth of the 
mine, as may be seen by a reference to the plate of a " Cornish pumping- 
engine.'* At the one end of the beam is the cylinder, and at the other end 
the pump-rod, which penetrates into the mine. From the pump-rod end of 
the beam the rods for working the air-pump and feed-pump are suspended. 
The air-pump is shown in dotted lines, and beyond it appears the condenser^ 
situated in the cold water cistern, with a valve attached to the end of a 
curved pipe, for admitting the injection water — the valve being wrought by 
the cataract which stands beneath the valve gearing. A rod passes through 
the end wall of the house, for adjusting the position of the centre of u« 
radius-bar of the parallel motion. The cylinder end of the beam is armed 
with catch-pins, which strike on the spring beams stretching from the 
lever- wall to the end of the house, if the piston proceeds down so far as to 
endanger the cylinder bottom. The feed-pump stands on the top of the 
eduction pipe : the valve gearing we have already explained. It is usual 
in the Cornish practice to make the lowest pump of the series of lifts, a 
lifting pump, and all the others forcing pumps. The plungers of the forcing 
pumps are more easily packed than the buckets of the lifting pumps ; and 
there is not the same risk of drawing air, but the lowest pump is made a 
lifting one, to facilitate extensions to a lower levet and also to prevent the 
pump valves from becoming inaccessible if the water accumulates in the 
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The pumping-engine erected at Vauxhall by Mr. Hosking is a Tery 
creditable specimen of this variety of engine, and may be safely taken by 
others as a model There are parallel motions it will be observed, and 
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ratch-pins at both ends of the beam. Winches are placed above the cy- 
linder, and pumps to raise the piston, and pump buckets easily. There is 
a prejudice among the Cornish engineers to metallic packing in the pistoAs, 
and the use of hemp is attended "with much trouble, from the continual 
screwing down and renewal it requires, especially if the pressure of the 
steam be considerable ; but this prejudice is now wearing away, and me- 
tallic packing is gaining a gradual introduction. Notwithstanding all the 
ingenuity, however, expended upon the Cornish engine, and the very effi- 
cient performance to which it has attained, it appears to us to stand on the 
Terge of early supercession, and we question whether it can maintain its 
ground for many years. The centrifugal pump is now under trial as a 
pump for the drainage of mines, and should the results which have been 
realized be confirmed by more extended experience, there cannot be a 
doubt that the whole of our present system of raising water must undergo 
a revolution. Small engines working at a high speed will then perform the 
functions of the cumbrous and lethargic pumping engine ; smaller pipes 
will suffice, as the flow of water through them will be continuous, and 
pump valves, with which there is much trouble at present, will cease to be 
necessary. The present Cornish engines, though rudely made, are very 
expensive, as there is an immense quantity of iron in them ; besides which, 
the engine-house and foundations require to be so strong and massive, that 
they add largely to the cost. 



THE BOTATIYE ENGINE. 

Of the rotative land- engine, the sixteen-horse power engine of 
Messrs. Maudsliw & Field, represented in plate 8, may be taken as a 
good example, it is our conviction, however, that this species of engine 
most go altogether out of use, as several kinds of direct-action engine are 
fur more simple and compact, and appear to be in every way entitled to a 
preference. One of these is the oscillating engine ; another is the species 
of engine attached to Robinson's cane-mill, represented in plate 9, and there 
are several other varieties. We shall not, therefore, here dwell upon any 
description of the ordinary rotative or mill-engine, as we look upon it 
now as a mere piece of antiquity, and although as a necessary part of our 
plan, we give in pages 206 — 214, a full account of the details of the ordinary 
beam rotative engine in its most approved form, we have not a word to say 
in commendation of that species of engine. The jacket in Messrs. Maud- 
slay's engine, plate 8, it will be observed, is cast in the same piece with the 
cylinder. The valve casing is provided with packing ports on the back, 
npon the lowermost of which the blow-through valve seat is cast. The 
condenser is situated in the cold water cistern, beneath the cylinder. 
Mr. Fairbaim's 60-horse power engine, plates 10 and 1 1, has the peculiarity 
of a toothed fly-wheel : in the rest of the arrangements there is little un- 
nsuaL In some cases the double-cylinder enjrine is used for driving mill- 
work, and some very excellent specimens of this variety of engine have 
been produced by Messrs. Rennie, Messrs. Hall of Dartford, and Mr. Hick 
of Bolton. In engines for driving cotton-mills, the double cylinder plan 
may perhaps be an expedient one, for then the equability of motion is of 
the highest importance $ but in ordinary cases, where expansion is desired, 
it appears to be the preferable way to use either two smaller engines, set 
at right angles on the shaft, or a single cylinder, with a heavier and swifter 
fly-wheel. There cannot be a doubt, moreover, that engines working at 
twice the usual speed, after the manner we have already recommended, 
must come into use for driving cotton mills ; and if the speed be greater, 
the expansion may be carried further, without impairing the regularity of 
motion. The details of this species of engine we need not here enter 
Upon, as the necessary information respecting them will be found in pages 
906 to 215. 

THE MARINE ENGINE. 

The marine engine has now become the most important variety of the 
steam engine, not merely on account of the great extension of steam navi- 
gation, but because it is fast superseding the ordinary steam engine, even 
for land purposes. We shall therefore enter into the consideration of the 
structure and operation of this engine with considerable fulness of detail, 
and much of what we say will also be found to illustrate the merits of the 
other varieties of engine. Of the side lever marine engine, the engines of 
the City of London steamer, by Mr. Robert Napier, plate 12, may be 
taken as an illustration. We may take this engine as a text to suggest 
the few remarks upon side lever engines we here desire to record, postpon- 
ing to a more advanced stage of our progress, (pages 215 to 230.), any- 
extended enquiry into the details of that description of engine. 

The firaming shown in plate 12. is of malleable iron. This is a wise inno- 
vation, for it was a difficidt thin^ to prevent cast iron ftraming from being 
broken by the working of the ship, though we believe Mr. Robert Napier's 
framing was more exempt from such accidents than that of any other 
maker. This malleable iron fhiming is a judicious one ; yet we think it 
might have been an improvement if the diagonal stays had run on to the 
crlmder, the parallel and valve motion shafts being supported on a column 
tied to the diagonal stay by a bar running from the top of the column to the 
junction of the lower diagonal stay, with the crank shaft pillar adjoining the 
air-pnmp. The piston roid is secured into the cross head with a nut on the 
top^ as well as a cutter through, which is a good practice. There is too little 



taper in the part of the rod which fits into the cross head, so that it will 
jam, and cannot be got out without great difficulty in the event of such 
disconnexion being wanted. There is also too little taper in the piston-- 
rod where it passes through the piston, though there is a counter-sink to 
take the strain, which will prevent the piston rod from splitting the piston. 
If the cone on the piston rod end be made slight, and nothing be added to 
take the strain, the rod will be drawn up through the hole, and the piston 
will be split : this accident has happened to several of Mr. R. Napier's 
pii>tons. The piston packing consists of a double tier of rings. We think 
a single ring turned, of an eccentric form, and fitted with a tongue-piece, to 
be a preferable packing. 

The valve is of the long d variety, of which we do not approve much 
for large engines, and the method of packing it is not convenient. 
There are no packing ports formed in the back of the valve casing, but the 
packing has to be put in from the inside, and the valve has to be drawn 
every time that it is packed. It is a defect we conceive for the eduction 
passage to enter the condenser at so low a leveL The faucett joint in the 
valve casing is a good arrangement, and ought to be applied to all engines 
above a moderate size. The air-pump bucket is unprovided with a junk- 
ring for screwing down the packing, the want of which is, in large engines^ 
a weighty fault The bucket valve is of the common pot-lid description, 
which strikes hard. There are two delivery valves, one in the mouth of 
the pump, find the other in the hot well. We do not see the use of this 
multiplication, especially when there are engines working well without any 
delivery-valve at alL The same objection that we brought against the 
want of sufficient cone in the ends of the piston rod applies also to the air- 
pump rod. The connecting-rod is needlessly heavy : the connecting-rod 
at the smallest part need not be so thick as the piston rod, and here it is 
much thicker. The starting gear in the City of London, consists merely 
of a long lever, by which it is difficult to obtam sufficient power for moving 
so large a valve : a great number of men are required to start the engine, 
and the travel of the starting lever is so great, when the engine is throwu 
into gear, as to be a source of dan^r to persons in the vicinity. This is 
not a common fault of Mr. R. Napier's engines ; in the engines of the Pre- 
cursor, the starting gear is the most elegant and convenient that has come 
under our observation; and the engines of the City of London, notwithstand- 
ing the slight imperfections we have mentioned, are sound and good engines 
in most respects, and will, we have no doubt, cost but little for repair. In the 
Precursor and British Queen steamers, the engines of both of which vessels 
are by Mr. R. Napier, the starting gear consists of a wheel, like the steer- 
ing wheel of a ship, which, by means of a pinion working into a sector on 
the valve-shaft, gives motion to the valve, and the power is thus so multi« 
plied that one man can start the engines. To prevent inconvenience from 
bein^ experienced by the en^eer from the rapid whirling round of the 
startmg-wheel, when the engmes are thrown into gear, the disconnecting 
apparatus it is so contrived Uiat the act of throwing the eccentric rod into 
gear, throws the starting wheel out of gear, and vice versa. In the Precur- 
sor the eccentric rod is thrown out of gear by means of a lever, with a 
pulley on the end of it, and which, being forced up against the under side 
of the eccentric rod, lifts the rod out of a notch. The' centre of this lever 
is attached to an eccentric stud in the fhuning, which b so contrived, that 
when the lever is in the position which allows the eccentric rod to fall into 
gear, the eccentric stud draws back the valve-shaft, so that the teeth of the 
pinion are no longer in gear with the teeth of the sector ; but when the 
lever is forced up into the position which throws the eccentric rod out of 
gear, the valve shaft is pushed forward until the connexion of the pinion 
and sector is again established. It is very desirable that this or some equi- 
valent contrivance should be adopted in all engines where the starting 
handle has a large travel, as the rapid movements of the starting handle, 
when the engine is thrown into gear, will otherwise be a source of much 
danger to the engine attendants. 

The engines of the steamers Clyde, Tweed, Tay, and Teviot, plate 
13, by Messrs. Curd and Co., are clear of many of the defects which 
we have just mentioned, but they have others of their own. Of 
these, the most remarkable is the obstruction oflfered by the valve 
to the entrance of the steam into the valve casing, when the val^^ is at 
the lower part of its stroke, so that during the upward stroke of the 
piston the steam is efiectually throttled. This, of course, was an oversight 
of construction, but it is one that must seriously impair the efficacy of 
the engines. The diagonal stay appears to be too weak where it joins 
the cylinder. It is a bad plan to have the main centre going through 
the condenser, as it is difficult to keep the joint tight, unless a pipe be 
cast in for putting the main centre through; and if that be done, the in- 
equality of contraction in the metal makes the sides of the condenser 
very liable to be cracked, by heating with steam in blowing through, and 
cooling with cold water when the injection is admitted. Many of Messrs. 
Caird's condensers have been cracked in this way. It appears to us pre- 
ferable to make the condenser in the form of a large and tall pipe, the main 
centre being supported by pillow blocks of a suitable construction ; and 
this is the plan followed by the London engineers in their side lever marine 
engines. 

Paddle'wheeU. It a body moves through a quiescent fluid with a given 
velocity, or if a fluid moving with a given velocity impinge against a body 
at rest, the resbtance will in either case be as the square of the velocity, 
while tiie power requisite to overcome that resistance will be as the cubii 
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of the tdocit; ; m Out if tbe velocity of b itrainer be doubled, the ' 
■xpcrieneed in poBMng through the wuer becomes foar limes greater than 
'btfon, aad the power reqaired to achiere thU doubled speed eight tim» 
greMer tlun befbre. This it eipluaed by the circimin&iice that the 
minanee of a body mOTing in ■ fluid ii proportinDote to the namber of 
particle! itrnck and (be Telocity «ith vhich they are itrack : a> twice the 
noniber of particle) are alnftk, and each particle with twice thefbree, there 
ii fbar timea the reaiiUuice ,- and as the gtraio occasioned by this retistacce 
is four times greater apoo the engine, and the engine has at the same time 
to work at twice the iipeed. there mn« be four times the enpenditnre of 
power. If the Eurface of Uie resisung body be denoted by unity, and d 
denote the density of the fluid, r the resistance which it opposes to the 
motion of a solid body, and e the velocity of motion ; then, universally, r is 
Bi d v', and if a denote the area of the plane, r is as a J c*. 

The absolute resistance which a quiescent fluid opposes to a plane 
«urftce moving through it with a given velooily, is equal to the weight of 
B colomnof (he fluid whose base is the plane, and altitude the same as that 
which is due to the velocily of motion ; that is, the height through which a 
heavy body must fill to acquire that velocity by the action of gravity. 
Putting a for the area of the plane of impact in square feel ; h, the height 
througb which a heavy body must fell to acquire the velocily by the act;on 
ot gravity ; r, the resistance offered by the fluid to the motion of Che plane ; 
«, Ue specific gravity of the fluid; p, the velocity of motion in feet per 
second, and g, 32\ feet, the constant coefficient for gravity : then, as r is 
proportioDal to a do', orwhat is the same thing, a < p', and as r is also by 
the proposition equal to a A «, while A, by the laws of falling bodies, it equal 
to the square of the velodty divided by twice the power of gravity, we 

hava r — -g — and ai the weight of a cubic foot of ri' 



>r is G31 Ibt. 



1 by restoring the numerical value of a jr we get 
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t of time, multiply the coefficient by 60 timet the velocity 

per second, and divide by 33,000. The eqoalion then become* — 

Resistance in horses powers area ■ velocity cubed x 0-00176637 
This expression, however, though feirly representing the resistance in 
horses' power, or the number of hones' power necettary to impel at a given 
speed such vetfels as the Medea and others of the same stamp, will not 
apply in the case of very sharp vessels, and indeed a new co-efficieat is 
necessary for every diflerent shape. The Medea has an immersed sec^onal 
BMBOf 263 square feet, and is impelled at the rate of 11'33 English miles 
an hour, or 16-61733 feet per second. 16-61733" <a63 x OiX)176637 = 
ai31'675 horses' power, so that 2131 horses' power would be required to force 
B plane with an area of 363 feet through the water at the rate of 11-33 
nulea per hour The power of the Medea, however, is only 220 horses, 
and of this about one third is lost by the slip of the wheel leaving only 146 
horws' power available for her propulsion, so that the shape of the vessel 
has the effect of reducing the resistance from U-6 to 1. With a better 
tfaape there will of conrae be a ttiU larger reduction. 

When a fluid impingta upon a plane surface in an oblique direction, it 
■will impel the plane in a direction at right angles to its surface with aforce 
which is proportional to the square of the velocity of motion, the density 
of the fluid, the area of the plane, and the square of the sine of the angle 
of incidence. The equation for the resistance then becomes — 

Retistancc ^ area r velocity squared k sine squared of angle of incidence 
K 0-9715 and the retistance in horset" power stands thus; — 

Resistance in horse*, power " area x velocity cnbed x sine squared of angle 
of incidence X 0-00176637. 

When a paddle wheel is first put in motion, every point opon it detcribet 
a circle round the centre ; but as the vessel begins lo move, the forward 
motion of the vessel being compounded with the rotative motion of the 
wheel, each point describes in the air or water a curtate cycloid dif- 
fering from a circle io the proportion of its propinquity to the centre. The 
speed of the vessel is usually about a third lets than the speed of the ex- 
tremities of the paddle arms, and a circle Iherefnre described on the wheel 
with a radius of two thirds the length of the paddle ann will travel with 
the same speed as the vessel passes through the water. This circle, which 
is usually called the rolling circle, is sucli, that if the vessel were travelling 
uponlandupoQwheelaofthat site, and with the tame speed of engine, her 
velocity would remain unaffected, ltd ieaote the diameter of the rolling 
circle in feet, « the velocity of the vessel in English miles per hour, and 
« the number of revolulioni of the wheel per 
the motion of the vetsel i * ' ' *" '"■' 

t],it " is the cireumference of the rolling circle, and lU diameter 



As every point in the radius of the wheel moves with a greater velocity 
H it it further ttom the centre, it is clear that the portion of the paddle 
board furthest removed from the centre must experience a different degree 
of reustance trom the portion nearer to it ; and the mean centre of pres- 
rare therefore camiot be at the eentrc of the float, bnt at a punt nearer the 



et alto with the angle of the paddle and the depth of 

Lue immersion. lor light immersions it may be reckoned that the resist' 
aace on any point of the paddle board variet as the 3d power of itt dis- 
tance from the rolling circle : and assumiag this, let os put K for the radial 
of the wheel estimated from the centre to the outer edge of the piddle 
board; r, the radius of the rolling cirele ; I, the depth of Ihe paddle board; 
X, any variable distance estimated from the upper edge of luddle board ; 
tud y, the distance between the upper edge and centre of pretinre. Then 
(R— r) is the difference between the radius of the wheel and that of the 
cirele of rotation ; consequently the differential of the resistance beoomet 
{(R — r) + TJ'di, and its integral it {(R — r) + yj ■ Ji and by reduction wo 
arrive at the following rule : From the radius of the wheel subtract ths 
radius of the rolling circle ; to the remainder add Ihe depth of the paddle 
board, and divide the fourth power of the sum by four timet the depth ; 
then from the cube root of the quotient subtract the differeoee between 
the radii of the wheel and circle of rotation, and the remainder will be the 
distance of the centre of pressure from the upper edge of the paddle. In- 
stead of the common radial paddle-wheel, a detcription of wheels with 
moveable floats, known as Morgan's wheels, are now much employed, though 
they were for many years regarded with diifavour. In this wheel esch 
paddle, which is of iron, is hung upon a centre in the manner of a throttle- 
valve, and it connected by a rod to a fiied eccentric, either on the tide of 
the ship, or upon the spring beams which sustain the end of the paddle- 
shall. When the wheel revolves (he operation of the eccentric maintaios 
every float in the vertical position, or nearly so, whereby a more perfect 
action of the wheel is realiied than if the floats were fixed, as in the ewe 
of the common radial paddle with wooden floatt. 

In considering attentively the action of tbe paddle wheel, il will be re- 
marked, that although the circular velocity of (he wheel is DnirDtm, very 
unequal portions of tbe cycloidat path are described in equal times ; for tha 
space described during the first quidranl is more than double that described 
during tbe sncond. and that described during (he third qDadranl it lett than 
half that described during the fourth. The result of this action is, that tbe 
vertical paddte board, instead of being the most effectual in the propulsion 
of tbe veisel, as might appear on a cursory survey, it (he least effectual of 
the floats immergcd : for the horizontal velocity of a float when in the 
vertical potilion. it at itt minimum point, and conteqnently in the common 
radial paddle wheel both the entering and emerging floats are the more 
efftetnal. In the feathering paddle this action is materially modified, and 
the feathering paddles do not involve Ihe same lots of power. By ren- 
dering a smaller diameter of wheel applicable, too, they enable the engine* 
to move at a higher speed, whereby their efficacy is increased : a veeael 
that will go 13 milet an hour with the common wheels, will make a mile 
with the feathering wheels, the power of the engine* being 



tbett 



n both CI 



Much prejudice at one time existed to the use of feathering paddle* in 

the case of sea-going steam veticls, and not altogether without reason, as in 
leveral instances the paddle wheels were to insecure that they were entirely 
swept away by the sea. But this fault wat one merely of construction, and 
in the wheels made by Messn. Peon, and latterly loo by several other 
maken, no defect of this kind has arisen, while the speed of the vessel is 
certainly materially greater than if the ordinary paddle-wheel had been 
adopted. The constructive expedients employed by Morgan were in many 
respects very defective ; hut the wheel at now made is probably as strong 
a* many example! of the common wheel, and while it gives a better result, 
it it of much more convenient dimensions. The benefits derivable from 
feathering floats, however, will not be realised to any appreciable extent, 
unless the wheel be kept very small in diameter, for it i* then alone that 
the engine can get away at a rapid speed, and it is from the superior speed 
of the engine, rather than from any other cause, that the benefi[t due to the 
feathering action are attribntable. Wheelt of the common radial kind 
cannot be made small in diameter without involving such a disparity in the 
effect of the entering and vertical floats, as to occasion a material lost of 
power ', added lo which, the entering floatt, if far up on Ihe arc of the 
wheel, will carr^ a wave before them in the tame manner as the bow, 
whereby an additional loss of effect will be occasioned. Upon the whole, 
it appeara expedient that paddle-wheel tteamers should have their floats 
made on the feathering plan ; aad a very perfect specimen of this kind of 
wheel is given in the views of the machinery of the Black Eagle steamer 
by Mettn. Penn, represented in Plalet 18. and 19. 

Dhedoinq. — An application of tbe marine engine of some importance 
it to the purpose of dredging, ind we here pve the headt of the specifi- 
cation of a dredging machine planned by Mr. Locke for tbe Greenock 
Harbour Trust ; — 

Bucket Laddrr. — The ladder shalS be 36 ft long between the centres of 
the tumblers. The de(Bi1s of (hit Itdder are thown In the drawing, and (he 
following are a ftw of (he principal dimentioo*. The main beams shall be 
atk, each 3aft, Bin. long, 12in. deep, and 6 in. thick, placed 3ft. 3(in, 
apart ; four cross ties of oak mutt be placed between these beam* and moi^ 
ticed into them, each 13 in. x 6 in., and in the positions shown in tbe draw- 
ing. Each of these main beams thall have 3]n. of camber. These main 
bcama thai! be trussed by a beam of oak, 6 in. x G in., in the form (hown 
in the drawing. Between Che main beamt and the curved beams, stmte 
6 in. X 6 iiL must be placed, in the poaicions shown in the drawings, and pro- 
perly morticed into the beam*. Between the two cnrred beam* eroM ^Me« 
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of timber shall be placed where shown m the drawing. At the ends of the 
ladder where the beams join, chock pieces, 6 in. thick, and reaching 6 fU 
6 in. from the ends, must be placed. The two beams most be dovetailed 
into these chock pieces, and all firmly bolted together. The extreme depth 
of the ladder at the middle most be 3ft 9in., and at the ends Ifu 3in., the 
whole formed of oak. 

Socketa. — Two malleable iron tie sockets for the ends of the beams must 
be furnished ; they shall be 3 ft 6 in. long and 1 in. diameter ; and must be 
placed one on each side of the oak ties between the main beams. 

Iron Tnu$ Rods, — The ladder must be trussed by two rods of I Jin. 
round iron; each rod must have a box screw for tightening it. 

Htnffes. — Two malleable iron hinges must be fastened to the top of the 
bucket ladder; they shall be 8ft in extreme length, and l]in. thick; the 
head of the hinge must be 20 in. diameter, and the hole for the hinge shaft 
bored to 13 in. diameter. The arms shall be Sin. broad, with four slots, 

8 in. long, in each. These hinges must be bolted to the beams, as shown in 
the drawing. 

Amu at Lower End of Ladder, — Two malleable iron arms, 7 ft Sin. in 
extreme length, must be fastened to the lower end of the bucket ladder. 
They must have four slots. Sin. long, and be bolted to the beams; the 
lower end to be fitted with straps, cutters, gibs, and brasses. Each strap 
must be furnished with a strong shackle for the hoisting chains: an extra 
hole must be left for the pin of the shackle, so that it can be shifted when 
required. The part of the arms where the shackle is fixed shall be 8 ft 
Sin., as shown in the drawing. 

TumbUrg. — A cast-iron tumbler must be fastened on the upper end of 
the bucket ladder, 2 ft 5| in. long, and 1 ft 8 in. square, with a malleable 
iron flange, 2 in. square, shrunk on at each end. Thelnetal in the sides 
must be 1} in. thick, and the tumbler must have four snugs, as shown in 
tiie drawing. A cast-iron tumbler is also required for Uie lower end of 
the ladder, 2 ft 9 in. long, and I ft 8 in. square. It must be bevelled off 
3 in. at the ends, as shown in the drawing. Two opposite sides of this 
tumbler must have snugs cast on them, 14 in. long, 3 m. high, and 2) in. 
thick ; these snugs must be 10 in. apart. The metal in the sides shall be 
1} in. thick. 

Tumbler Sha/U. — A malleable iron shaft, 8 ft I in. long, and 6 in. 
diameter, is re<^uired for the upper end of the ladder. It must have key 
seats, of 7 in. diameter, for the tumbler and bevel wheel ; and two journals, 

9 in. long, and 6 in. diameter, and 5 ft 1 in. apart, as shown in the draw- 
ing. A malleable iron shaft is also required for ihe tumbler at the lower 
end of the bucket ladder. It shall be 3 ft 10 in. long, and 5 in. diameter: 
it must have two journals, 4 in. long, and 3 in. diameter, and 3 ft 3J in. 
apart 

^ Hollers for Pitch Chains, — Eight cast-iron rollers are required for the 
pitch chain to nm upon ; they shfdl be 2 ft long, and 7 in. diameter. They 
must have square spindles of malleable iron, of 2 in. diameter, at the jour- 
nals. Two cast-iron pillow blocks are required for each roller ; they must 
be sunk 1} in. into the beam, and firmly screwed down. The centres of 
the rollers shall be 4 m. above the ladder. 

Pitch Chanu. — Two malleable iron pitch chains are required for the 
bucket ladder. Each chain shall have 40 links and 40 joints, 20 single 
links and 20 double links : each link shall be 2 ft long between the centres, 
and 2 ft 5) in. long over all ; the links shall be straight on the top and 
bottom ; they shall be 3} in. deep, by 1} in. thick, except at the jomts. The 
pins for the joints shall be of steel, and turned to 1 1 in. diameter, with 
round heads, 2\ in. diameter ; they shall have washers, \ in. thick, and be 
&stened at the end with cutters, 1 in. wide, and ] in. thick. 

Buckets, — There shall be twenty buckets, made of malleable iron. The 
buckets shall be made of { in. boiler plate. The underside of each bucket 
next to chain shall be flat, and 1 ft 8 in. square, the bottom 8 in. high, and 
the month 1 ft 8 in. high. The greatest width at the mouth shall be 2 ft 
5) in. The upper side of the bucket shall be 2 ft long, and curved across, 
as shown in the drawings. The mouths of the buckets shall have a piece 
of iron, 3 in. broad, and 1 in. thick, rivetted round the outside ; and they 
shall have also a piece of steel welded around the edges. The bottoms 
and sides of the buckets shall be pierced with 12 holes each (24 in all). All 
these dimensions are inside measurements. 

Fixing of Buckets, — Each bucket shall be fixed to the double links with 
fbur pieces of 3 in. angle iron, each 15 in. long. These pieces of angle 
iron shall be rivetted to the sides of the links and to the bottom of Sie 
bucket 

Pedestals at Upper End of Bucket Ladder, — There shall be two pedestals 
for the pillow blocks of the tumbler shaft at the upper end of the bucket 
ladder. They must have branches for supporting the bucket ladder, as 
shown on the drawings. Each of these pedestals shall be 13 in. high, be- 
sides snugs, 3 ft 7 in. long on the sole, 2 ft 9 in. long at the top, and 9 in. 
broad. Each branch shall have a ring projecting 2 in., and turned up to 
13 in. ^ameter, for the hinge of the ladder. There must also be a hole, 
9 in. diameter, through which the shaft of the upper tumbler passes, as 
shown on the drawing. A flange, 1 in. thick, 2 ft. 3 in. long, and 1 1 in. 
deep, must be made on each side of the pedestal under the branch, and 
bolted to the top of the beams, as shown on the section. The sole of the 
pedestal shall also be bolted to the top of the beams. These pedestals shall 
be cored, but the metal shall in no part be less than 2 in. thick. Two pil- 
low blocks shall be made for the upper tumbler shaft They shall each be 






9 in. wide, 2 ft 4 in. long on the sole, and 9 in. long fh>m the sole to the 
centre, making the centre of the shaft 1 ft 8 in. above the top of the beams. 
The buckets shall work at a speed of not less than equal to emptying 17 
buckets per minute. 

Main Shaft — The main shaft shall be of cast iron, and 45 ft 3 in. long, 
and 7 in. diiuneter. It must be in five lengths, with three circular couplings 
and one disengaging coupling, with a lever for throwing it in and out 
of gear, as shown on the drawing. The centre of this shidl be 10 in. fh>m 
the side of the well, and 1 ft 8 in. above the top of the beams. The jour- 
nal shall be 7 in. diameter, and 9 in. long. 

Pedestals for Main Shaft — Five pedestals shall be formed for carrying 
the main shaft, as shown on the drawing. They shall be 2 ft 3 in. long, 
and 9 in. broad. They shall have arms or flanges below for embracing 
the beam, 1 1 in. long on one side, and 2 ft long on the other. They shall 
be bolted to the b^m and posts, as shown on the drawing. These pe- 
destals shall be cored, but no put of the metal shall be less than 1 in. 
thick. 

Wheels, — The following wheels and pinions are required. A bevel 
wheel on the upper tumbler shaft, 59 '87 in. diameter on the pitch line ; 
it shall have 50 teeth, 3} in. pitch. A bevel pinion on the end of the 
main shaft, 29*82 in. diameter ; on the pitch line it shall have 25 teeth, 3] 
in. pitch: these wheels to be of unusually strong dimensions. A cog wheel 
on the end of the main shaft, 70 in. diameter; it shall have 88 teeth, 2) in. 
pitch : this wheel must have a ftiction socket, the details of which are 
shown on the enlarged sketch. No. 2. An intermediate wheel, 5 ft 4) in. 
diameter, and 2) in. pitch. A spur pinion on the crank shaft, 39 in. dia- 
meter, 49 teeth, 2J in. pitch. 

The Screw Propeller. — There is too little yet known respecting the 
performance and manner of operation of the screw propeller to justify the 
formation of rules pretending to regulate the details of practice ; but the 
conviction of the roost experienced engineers appears, at the present time, 
to be, that while for river steamers the feathering paddle is the best pro« 
peller, the screw has, at least, established a claim to equality in the case of 
ocean steamers ; while as a propeller for vessels fitted with auxiliary 
power it has an undisputed superiority. The competition railways are now 
establishing to lines of coast navigation makes it certain that the ordinary 
paddle-wheel vessels must be superseded by vessels provided with auxiliary 
power, which are capable of being worked at a greatly diminished expense : 
and this circumstance appears calculated to give an importance to the screw 
as a propeller, it could not have otherwise obtained. For vessels of war 
the screw has the manifest recommendation, that it is less exposed to shot, 
and the whole of the machinery for driving the screw may be placed under 
the water line, which is not possible in the case of paddle-wheel steamers ; 
but this point of superiority is not of dignity enough of itself to claim much 
attention, and to the supenor applicability of the screw in conjunction with 
auxiliary power, its growing importance as a propeller is chiefly to be 
ascribed. 

The form in which the screw propeller was first applied to the Archi- 
medes steamer consisted of a broad helical feather attached to a cylindrical 
axis, driven by the engine, and which, working in the water in nearly the 
same manner as a carpenter's screw works in a piece of wood, carried the 
vessel forward in the direction of its length. The helical feather made a 
single convolution round the axis, the length of the convolution being 
regulated by the pitch of the screw ; but this arrangement was relinquished, 
as it gave a vibratory motion to the boat, interfered with the action of the 
rudder, and threw the strain too much on one side of the axis ; and two 
half convolutions of a double-threaded screw were adopted, instead of the 
whole convolution of a single-threaded screw. In later applications the 
screw has been made much shorter than what answers to hdf a convolu- 
tion ; about one-sixth of a convolution is now a common proportion. In 
the Great Northern, the area of midship section at 16 feet draft of water is 
540 square feet, while the screw contains about 90 square feet, deducting 
the area of the boss. The speed of the vessel is nine statute, miles an hour, 
and the slip of the screV is one tenth. 

If, when the vessel is at rest, the engine causes the screw to revolve on 
its axis without advancing forward in the water, every point of its surface 
will describe a circle, the magnitude of which is proportional to the distance 
of the describing point from the centre of motion. It is clear the surface 
of the screw will strike the water with a force that is due to the velocity of 
motion, and the water will be impelled in a direction at right angles to the 
surface, with a velocity corresponding to that of the revolving feather, but 
varving in proportion to the distance of an^ particular point ftrom the axis. 
This is the force that is effective in propellmg the vessel, and it will be seen 
that it is greater, at a greater distance fh>m the centre, decreasing gradually 
as we approach the axis where the velocity of the revolving sur&ce is smalL 
On the other hand, if the vessel moves forward in the direction of its length 
while the screw is prevented from revolving on its axis, every point on the 
surface of the projecting feather will trace a straight line, equsd in length 
to the distance passed over by the vessel ; or, in other words, the screw, in 
being pulled forward, will displace a cylinder of water of its own diameter 
and of the length of the vessel's motion, occasioning, of course, a waste of 
power in the operation. When the screw is put into action by the engine, 
both of these resistances are encountered. If the action of die propeller 
were perfect, the screw would operate as if working in a nut ; and as there 
would be then no loss by slip, we could ascertain the speed of the vessel by 
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moltiplying the number of revolutions by the pitch of the screw, and divid- 
ing by 88, which would give the speed per hour in statute miles ; but in 
practice the speed is generally ft'om one-tenth to one-twentieth less than 
the speed thus ascertained. There is not an invariable loss by slip, how- 
ever, or at least not an apparent loss, for in some cases, the vessel is pro- 
peUchl at a fiuter rate than if the screw worked in a solid. One cause of 
this anomaly probably is that the water in closing in upon the wake of the 
vessel having a motion given to it, the screw impinges, not upon still, but upon 
moving water, whereby an increased reaction is obtained ; but something 
depends too upon the size of the screw, and in general it has been found 
that when the superficial area of the screw, taken as a disc, is about one- 
fourth of the area of the immersed section of the vessel, the speed will be 
as gn^^at or greater than if the screw was working in a solid. The water 
partakes very little of the rotatory motion of the screw, but is drawn in on 
|dl sides fh>m the circumference towards the centre, and is then projected 
aft in a column slightly conical, as it recedes fVom the screw. The pitch 
of the screw, or the angle at which the blades are set, differs necessa- 
rily with the form of the vessel and the power of the engine, or, in other 
words, with the speed expected to be attained : a common enough angle is 
Arom 66 to 68 degrees with the axis. 

In settling the dimensions and pitch of screw proper for any particular 
vessel, the first indication is to make the diameter of the screw as large as 
it can be got ; and then the probable speed of the vessel, judging from the 
power and form, is to be estimated, which, after fixing the number of revo- 
lutions and making an allowance of say one tenth or one twelfth for slip, will 
give the pitch of the screw. Most of the screws now used are made with two 
threads, or have two blades. Screws with three blades act more equably, 
as the whole of the blades are never in the line of the stem-post at once, at 
which point the forward thrust is greatest ; but double-threaded screws 
seem upon the whole to be the most effective, and they may, if necessary, 
project beneath the keel, as they can be turned into the horizontal direction 
when the vessel is in harbour, to prevent them from touching the ground. 
To ascertain the amount of helical surface of a screw making one convo- 
lution : multiply the sum of the radii of the screw and of the central boss 
by their difference, and the product will be the difference of their squares : 
multiply this number by 3*1416, and the product by the secant of the angle 
of the screw, and the result will be the area of the helical surface sought. 

Bourne's Patent DotUfle-power Engine, — The screw propeller has created 
a new exigency in steam mechanism. The propeller generally requires to 
make a greater number of revolutions than the engines can conveniently 
perform ; and cog-wheels have in many cases been mtroduced to bring up 
the speed, thus introducing into steam vessels the jar, tremor, and liability 
to fracture incidental to the use of such devices. To remove this source 
of objection it is necessary that the engines should be coupled direct to the 
propeller shaft ; but as the valves of the air-pumps would strike so hard as 
to knock themselves to pieces if the engines were worked at any very high 
speed, and as the various contrivances of canvas and Indian rubber valves 
are of doubtful efficacy in such an emergency, Mr. Bourne has contrived 
a species of engine in which the whole of the air-pump valves are replaced 
6y a particular arrangement of slide valve, whereby the engine may be 
worked at any degree of speed without inconvenience. One effect of this 
innovation is to make engines work more noiselessly than before, as there 
is no longer any shock, such as that which attaches to the action of the foot 
and delivery valves and the valves of the air-pump bucket in common 
engines. But the most important feature of the arrangement is, that by 
enabling the engines to work at twice the ordinary speed, it enables them 
to exert twice the ordinary power. It is not for screw vessels alone, 
therefore, that such engines are appropriate, but they may be applied with 
advantage to most of the purposes for which steam power is required. In 
the case of mill engines they possess the recommendation of imparting a 
more equable motion to the machinery, and in other cases they may be so 
arranged as to save fuel by permitting a larger expansion than could be 
allowed with a lower speed. Engines on the double-power plan can be 
sold for a less sum per horse power than engines upon the common plan 
with the same quality of workmanship and materials ; and as the double- 
power engines are more compact, and for most purposes more convenient 
than the ordinary engine, it appears probable that they will come into 
general use. In the case of mine engines, Mr. Bourne proposes under 
certain circumstances to apply a centrifugal pump to the condenser for the 
discharge of the water. It is obvious that the air-pump valves could be 
dispensed with by such an arrangement; but it is equally clear that in 
ordinary cases the application would not be successful, as the centrifugal 
pump, though it discharged the water, would not discharge the air ; and 
even if a pump were applied to extract the air, the objection would still 
remain, that at low rates of speed the centrifugal pump would be inoperative. 
Another inconvenience of the centrifugal pump is, that it requires to be 
driven at a very high speed ; but in the case of mines drained by the 
centriftigal pump, the ii^jection water can easily be got rid of by leading it 
down to a depth of 32 feet, when it will run off by gravity, and be returned 
by the centrifugal pump to the surface; and in such a case the only 
function of the air-pump will be to draw off the air and vapour. Mr. 
Currie, of 1 1. Savage Gardens, London, who manufactures the double-power 
engines, thus speaks of their recommendations : — 

** Mr. Bourne's double-power engines, which I manufacture, both on the 
high and low pressure principle, and for all the uses of mines, mills, and 



steam navigation, I consider certain to introduce a new epoch into the 
history of the steam engine, as it is impossible but that the ordinary engine 
should be superseded by a new engine the advantages of which are so con- 
spicuous. A double-power engine is only half the weight of a common 
engine, occupies only half the space, and costs but little more than half the 
money. It works more smoothly than a common engine, and for the 
purposes of cotton-spinning has the great advantage of giving a more 
steady and uniform motion to the machinery. When applied to screw 
vessels, it dispenses with gearing, and saves weight and space in the ship. 
The smaller powers of engine, for which there is an increasing demand, are 
so light and compact, as compared with common engines, that they excite 
universal wonder and some incredulity as to the realization of the power ; but 
I warrant every engine I send out to be capable of exening twice its nominal 
power as determined by Watt's standard. In the smaller powers the engine 
is set upon the top of the boiler, which is a tall cylinder about the size of a 
tolerably large stove : the chimney is of sheet iron, into which the waste 
steam passes, and the engine may be set to work a quarter of an hour after 
it leaves my warehouse, as all the fixing it needs after being set in its place 
is the screwing up of a few bolts to hold it down. For farm purposes the 
engine and boiler may be set upon wheels, and thus be transported readily 
ft>om place to place." This statement is probably to be received with some 
qualification, as Mr. Currie cannot be regarded as a wholly disinterested 
witness. Nevertheless the facts appear indisputable that engines upon the 
double-power plan are lighter, more compact, and less costly than common 
engines ; and these are points of superiority which cannot fail to tell or to be. 
discerned. 

Mr. Currie furnishes the following further particulars relative to this 
engine: — " The boiler of the double-power engine is for the most part 
constructed with upright tubes, and I generally set the engine upon the 
boiler in all powers under 40 horses. The following are the chief dimen- 
sions of a one-horse power engine and boiler: — Diameter of boiler, 16 
inches ; height of boiler, 40 inches ; diameter of furnace at crown plate, 12 
inches; diameter of ftimace at bars, 13 inches; height of crown plate above 
bars, 12 inches: depth of fire bars, 2 inches ; depth of ash-pit, 4 inches; 
depth of smoke-box, 4 inches ; diameter of chimney, 3 inches. There are 
36 tubes in the boiler, I inch in diameter, and 16 inches long ; but 12 inches 
in the length of tube only passes through the water, and is alone counted 
as effective : the thickness of the shell of the boiler is three-sixteenths ; and 
the pressure the boiler is calculated to bear is 80 lbs., though 70 lbs. is the 
working pressure. The diameter of the cylinder is 2 inches ; length of 
stroke, 3 inches ; number of revolutions per minute, 872 ; number of feet 
travelled by the piston per minute, 436 ; and though these dimensions are 
small, that they will give fully a horse power is made manifest by a simple 
calculation. The area of a cylinder 2 inches in diameter is 3*1416 ; and if 
the effective pressure be taken at 60 lbs. per square inch, instead of 70 Ibft. 
(as a compensation for friction and loss of effect from radiation and expan- 
sion), we have a force of 188) lbs. urging the piston at a speed of 436 feet 
per minute, which is equivalent to 82,184 lbs. raised one foot high in the 
minute ; and dividing by 33,000, this gives us about 2) horses' power. It 
is clear, therefore, that this engine, notwithstanding the smallness of its 
dimensions, will give a power more than twice as great as the horse power 
of Watt, provided, of course, it is abundantly supplied with steam, and the 
supply of steam depends upon the amount of heating surface in the boiler, 
which requires to Im? as great in this as in any other boiler exerting the 
same power. On calculating the amount of tube surface, it will be found 
to amount to 12 square feet, and the furnace suHace will amount to about 
3) square feet more, making a total of 15) square feet of heating surface 
per horse power, which is a large allowance. The weight of the boiler is 
about 2} cwts., and the total weight of engine and boiler, with water in the 
boiler, is about 4j- cwts. 

** Of the 40-horse power engine and boiler on the double-power plan, the 
following are the principal dimensions : — Diameter of boiler, 4 feet 8 inches ; 
height of boiler, 8 feet ; diameter of furnace at crown plate, 4 feet ; diameter 
of furnace at bars, 4 feet 1 inch ; height of crown plate above bars, 20 inches; 
depth of fire bars, 4 inches ; depth of ash-pit, 8 inches ; depth of smoke- 
box, 12 inches ; diameter of chimney, 12 inches. There are 547 tabes 
1 inch diameter, and 52 inches long, of which a length of 34 inches onlj 
passes through the water, and is alone reckoned as effective. The thick- 
ness of the shell of the boiler is half an inch, and the plates are all doable 
rivetted ; the pressure which the boiler is calcuUted to withstand is 80 lbs. 
The diameter of the cylinder is 12 inches; length of stroke, 18 inches; 
number of revolutions per minute, 195 ; number of feet travelled by the 
piston per minute, 586. The area of a cylinder 12 inches in diameter is 
113*097 square inches; and if we take the effective pressure as before, at 
60 lbs., we have a force of 6785*8 urging the piston at a speed of 586 feet 
per minute, which is equivalent to 3,976,490 lbs. raised one foot high per 
minute, which, being divided by 33,000, gives 120 horses' power, which is 
just three times the nominal power. The weight of the boilers is about 
61) cwt. ; and the total weight of engine and boiler, with water in the boiler, 
is 90 cwt, or 2 J cwt. per horse power. 

" The engine is of the oscillating kind, and the shaft, crank, and ftwning 
for supporting the crank, are all of polished malleable iron ; the fly-whed 
is very small, and is made with a polished rim, which also answers for the 
drum upon which the belt runs that carries away the power. The govemcn* 
is made in the usual manner, but is, of coarse, so proportion^ as to he 
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adapted to the higher gpeed nl which ihe engiu« inveU. The waite iteam 
pusei into the chimney, u in locomotiTe engines, wherelt; (he draught iaso 
qnickened that a amall area of grate bar lufficeg ; but the end of ihe educ- 
tion pipe entering the chimnej- is never contracted, a> ia loeomotires, U 
■n; contraction of Ihe eduction pipe produces a loss of power. In the 
larger class of engines a platform is atlached to the boiler, to make the engine 
accessible to the engine-man, thus obTialing the necessity of any peciuiar 
stmctnre in the engine-house ; and for exportation to tropical climates, the 
engine-hoDse is tlself made of sheet iron, and needs only a few screw bolls 
|o connect the several parts together, to udapt it for tbe reception of the 
engine and boiler. The larger class of boilers are provided with Lamb's 
Scale Preventer (shoirn in Plate XXXI II. of this work ), which is ■ contriv- 
ance for blowing off from the surfece of the water, whereby the impalpable 
parliclea of which scale ia composed, and which are ballooned lotlie eurfuce 
by bubbles of steam, are caught and ejected from (he boiler, before they 
have had time to subside apon the flues. This scaJe preventer has already 
been applied by Boulton and Watt ; John Penn and Son ; Uury, Curtis, and 
Kennedy; Mandslay and Field; Miller and Ratenhill ; CairdandCo.; Tod 
and Macgregor ; and mo8( of the other engineers, to various boilen con- 
atmcted by them, and its efficacy has been amply tested by experience in 
various land boilera, and in the following sleamers. Pottinger, Ripon, Pekin, 
Erin, Ariel, Haddington, Tagus, Pasha, Braganza. Montrose, vessels of the 
Austrian Lloyd's, and a multitude of others. The boilers of (he doable- 
power engine, with this addition, are not liable lo the formation of scale. 

SamtdaM Brll Crank. — An engine with mverted cylinders is figured in 
Plate XV., under the title of Samuda's Bel! Crank Marine Engine, where A is 
(he framing, C the cylinder, D the condenser, E the air pump, h the air 
pnmp cross bead, P the piston rod, J the connecting rod, K the paddle 
ahaft, S the slide valve, and T the bel! crank lever. By this arrangement, 
it will be observed, one crank suffices for Ihe two engines. The plan of 
the engine cloaely resembles that adopted in the Gypsey Queea, but in that 
ease Ihe cylinders were not inverted. We think we can discern Mr, Clegg's 
hand in this combination, and it is one not unworthy of his ingenuity : 
nevertheless the arrangetaenl requires considerable length in the engine 
space, and although it accomplishes a saving of width, yet width is not the 
dimension in which Ihe size of marine engines most require to be contracted. 
The space left on each side would be only of little value, unless the boilers 
'were placed there \ and if that were done, their contiguity to Ihe vessel 
troold be dangerous, or at leas! injurious, in the case of wooden vessels, and 
would defeat one of the great otyecta of modem boilers- — that of making 
every part of the shell accessible. 

GoifoDoy'i Dirat Actum ^K^ne.^This engine, represented in Plate XVL, 
conalslB of two steam cylinders, the piston and rods of which are attached by 
suitable links to a main cross head or beam, connecting both engines; 
forming a part of this cross head are two triangular ft^es of wrought 
iron, wbioh, serving Ihe double purpose of side rods and connecting rods, 
descend one on each side of the cylinders, and they are connectwl im- 
mediately with the cranks on the main shaft, lying between the cylinders in a 
line with the keel of the vessel The air-pumps are worked by the same 
•nangement of levers which forma the parallel motion for the piston rods ; 
the hot wsler and bilge pumps are wrought by the air pump cross heads in 
the naual way. The main sh^ gives motion to Ihe screw shaft through 
the medium of a new multiplying gear, a {Vnnt view of which is shown in 
the drawing. The engines are of 300 horse-power, and every part of them 
is below IIk water line of ihe vesseL 

There is extraoniinaT7 ingenuity in the whole of these arrangements ; 
nerertheless this engine has not come into use, and we fear is not likely to 
meet with extended adoption. The mode of operation of the multiplying 
gear is not eaally comprehended, but Ihe principle of the arrangemeiit may 
be explained to consist in such an arrangement of two cranks, at which the 
one is twice the length of the other, that the movement of Ihe crank pin 
of the longer crank throngh a semicircle will canse the crank pin of Ihe 
smaller crank to move through a whole circle. The principle, however, 
will be made more clear by an extract from Hr. Galloway's specification, 
which we therefore introduce. 

" If the wheels shown in Jij. 1T9. revolved npon axes in 
the usual way, a would make an entire revolution, whilst 
b made only some portion of a revolution ; but if b, in- 
Head of revolving upon an axis, he suspended npon 
three cranks, (?, e, e, of equal length, and Ihe radii of which 
are respectively eqnal lo one-half the difference between 
the djameters of the wheels (calculating such diameters 
trtaa the pilch-lines) ; and if the whole a;>paratns be at 
lint in the position indicated by Ihe drawing, thereby 
eansing a to revolve, it will be found that the cranks. 
Fig. 180. Fig. 181. 
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c, and consequently their axes, will make three revolutions during the 
that the inner wheel, a, makes one revolution. So if the proportionala 
I differ, say as 3 to 3, or 1 to S, or any other integral proportiona, 
and tlie lengths of the cranks c, c, e, be determined according lo the. ml« I 

f the drivinj 
ence between the diameter of the two wheels. 

" But I propose, in most cases, as I have staled, mstead of using toothed 
wheels, to adopt the an-angemenl shown in^^. ISO, IBl, and 183., which I 
shall now explain;— Lei it be supposed that three equl-dislant points ( d, d, d, 
fig. 179.) could trace their path upon a plate or disc, attached to ft, and 
moving therewith, such path would be four epicycloids dolled thereon; and 
if to Ihe points d, d, d, three rollers, of equal diameter, were affixed, then a 
figure, e,(,(,e,.;C(r. ISO., would be Ihe tangent of the said rollers in every 
part of their path ; or, in other words, Ihe rollers would trace out the figure 
e, e, t, t,fig. ISO; such being the case, it will be manifest that \t, instead of 
toothed wheels, we adopt Ihe arrangement shown iufii/. ISO, where d,d,d, 
are Ihe three rollers, affixed to arms, and revolving in bearings, and the 
figure e, e, t, e, whose interior curved aperture is generated upon the prin- 
ciple I have explained — Ihen, on motion being given to the main axis, the 
cranks, dotted at c, c, c, will make three revolutions for one of Ihe main 
axis ; and if the figure e, e, e, e, be accurately constructed, and tbe cranks 
ily proportioned, Ihe action of the machine will be comparatively smooth 
' - ' ' i. In like manner.if Ihecireles or wheelB,a and 4, be in their 
2 to 3, the figure ///^j. 181., would be generated, and by 
attaching Ihe Iwo rollers to the axis, as there shown, the velocity of the 
main axis would be to the crank axis as 2 to 1 ; or, if Ihe diameter of a and 
i be as i to .t, the figure g, g, g. fig. 1S2.. wonld be generated, and by con< 
structing the apparatus, as shown t.t fig. 1 B3., the relative velodliea of Ihe 
main axis and crank axis will be as 4 to I, I would further observe, that 
in whatever proportion the multiplication be effected, it is necessary that 
the number of the rollen and of epicycloids should be respectively equal 
to the number of times the generating circles can be divided by the 
difference between tbe two diameters. It will also be manifest, that the mul- 
liplicatioQ effected by this method does not admit of fractional quantities, 
but must always be in integral proportions. I most further explain, tbal 
if one propeller only is intended to be used, one only of the three crank 
axes must be prolonged for that purpose ^ but if two propellere are intended 
to be applied, then two of the crank axe* should be similarly prolonged. 
It is furlber necessary to explain, that the arrangement of this contrivance 
may be changed by attaching the driving axis to the epicycloidal figure, 
and the cranks to tiie pari to which the rollers are allaehed ; in which case 
the proportion of Ihe multiplication will also be changed, so thai Ihe cranks 
offig- ISO. wouldmake three revolutions instead of two I those of J^. 181. 
would make four revolutions instead of three ; and those of^. 183. would 
make five revolutions instead of four." This method of multiplying the 
speed of Ihe screw shaft, though mosl ingenious, is hkely lo be rendered 
needless by tbe acceleration of the speed of the engine itself which ia now 
taking place. 

Dirtcl Action Enginei rtjrraeidtd ia Pbtte I Direct action engjne* 

have of late years come into extended use in steam vetsels, and their em- 
ployment appears likely lo become universal. They are less bulky and less 
weighty than side lever engines, and although most engineers resisted their 
introduction, these engines have now, even in the engineering world, risen to 
considerable fkvour. Most of the eariy devices were crude and unsalisfac- 
tory, but the excellent performance of the oscillating and double cross head 
engines have redeemed the class fh>m the disgrace thai might otherwise 
have been expected to overtake it The existing crop of direct action 
engines is divisible into five varieties ; the Gorgon, Siamese, Steeple, 
Donble-cross-head. and Oscillating. We distinguish as Gorgon engines all 
those which have the connecting-rod between the piston-rod and the crank, 
whatever may be Iheir subordinate features, and as Steeple engines all 
which have the connecling-rod situated above the crank. The Siamese, or 
Double- cylinder engine, is that employed by Messrs. Maudslay and Field 
and Messrs. Forrester, of Liverpool. The Double-cross-head engine is 
(hat adopted by Messrs. Bury and Co., Messrs. Fawcett and Co., and some 
othera The Oscillating engine is that brought into fsvoar by Messia. 
Penn, and which now numbers a multitude of admirera. Upon each of 
these varieties we shall have a few remarks to offer. 

The objections to the Gorgon plan of engine are numerous and weighty. 
In Ihe flnt place, only a very short stroke is attainable by Ihia plan of 
engine i and although we are not of the number of those who subscribe 
lo the doctrine, Ihal expansion can only be productive of its proper efficacy 
in a long cylinder, yet we believe that an engine of a moderate stroke will 
work more steadily and smoothly than when the stroke is short, while the 
cylinder Is of large dimensions. There is, moreover, a greater waste of 
steam at the ends of the cylinder when the stroke is short ; and although 
the amount of this loss cannot be great, yet it is too great (o be altogether 
disregarded. We do not attach ^e importance attributed by some to the 
deranging influence of a short connecling-rod upon the slide valve, but va 
attach a good deal of importance to the increased (nction consequent npon 
the thrust, when Ihe angle the connecting-rod makes is great, — not on 
account of the power absorbed, but on account of the difficulty of keeping 
the bearings from heating. To Ait ot^eclion it is no answer lo say, that 
tbe £rtction of* direct-action engine is m little or less than that of a beam 
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engine ; the yice being, that the friction is not &irly distiibated, hut so con- 
centrated at particolar points as to be prodnctive of injury in engines of 
the common proportions. 

There is, howeyer, a tar more serious defect of the Gorgon yarietj of 
engine than any we have yet mentioned. It involyes the nse of a large 
paddle-wheel by the elevation of the shaft rendered necessary to afford 
room for the stroke ; and the largeness of the wheel gives too great a velocity 
to the float boards, by which means a considerable proportion of the engine 
power is dissipated. There is nothing better known, than that in all cases 
where there is a great disparity between the speed of the wheel and the 
speed of the ship, a large amount of the power is wasted in throwing the 
water back from the wheel, instead of being employed in forcing the vessel 
forward ; and in the Gorgon plan of engine, as applied to ordinary sea- 
going steamers, a serioos loss from this source must be perpetually going 
on, or else the engine must be working under its proper speed and power. 
These objections apply to all short connecting-rod engines, of which the 
stroke is small and the shaft high ; and in our eyes they carry sufficient 
weight to justify the condemnation of this species of engine in toto. As, 
however, there may be some persons, perhaps, who will not concur in this 
opinion, we shall here set down some remarks respecting the several va- 
rieties of Gorgon engine represented in the plate, with the view of further 
illustrating our convictions. 

First in order, then, comes the plan of Messrs. Boulton and Watt, the 
engine represented being that of the ** Centaur." In this plan of engine 
the condensers are situated between the cylinders, and at the extremity of 
each condenser an air-pump is situated. These air-pumps are wrought by 
a beam, the centre of which rests on the condenser top, and derives its 
motion from a crank on the intermediate shaft — a rod extending to com- 
municate the movement from this crank to a pin near one of the ends of 
the beam, which is made something in the bell-crank &shion. The top 
of the piston-rod is maintained in the vertical position by guides. 

There is much ingenuity in this plan of working the air-pumps, and the 
nse of a beam enables the air-pumps to obtain an adequate length of stroke, 
without making the crank in the intermediate shaft of an inconvenient 
length ; but the plan is attended with the very obvious objection, that if the 
beaim breaks both engines are disabled ; the beam, however, is of malleable 
iron. Messrs. Boulton and Watt have latterly resumed the use of the oscil- 
lating engine, of which engine Mr. Watt was, it appears, the inventor. 

The next Gorgon engine in our list is that of Messrs. Miller and Raven- 
hill, the en^e represented being, we believe, that of the ** Eclair.** This 
plan of engme takes up less room in the vessel than that last described ; 
and, indeed, no en^ne can occupy less room than this, for its length is little 
more than the dumieter of the cylinder. The condensers extend from 
cylinder to cylinder, having air-pumps within them, so that the whole of 
the cast iron part of the engine is bound together in a solid mass. The 
air-pump buckets are wrought by means of cranks on the intermediate 
shaft This engine, while it is very compact, enjoys the advantage of two 
air-pumps, the f^vcture of either of which does not impair the efficacy of 
the other. In some of their very recent engines, Messrs. Miller and Co. 
have discarded the double crank in the shaft, and have wrought both air- 
pumps by one crank, the air-pumps being placed on the same vertical plane, 
and lying at an angle to permit this adaptation. This plan, which is the de- 
sign of Messrs. Miller, is now adopted by Messrs. Penn, and others, and it 
is attended with several advantages. The water is brought very gradually 
up to the discharge-valves, on account of the- angle at which the pump- 
barrels lie, and a softer action of the valves is thus obtained than if the pumps 
stood perpendicularly. Messrs. Miller have lately discontinued the Gorgon 
plan of engine, in favour of the oscillating kind, but have retained the in- 
clined air-pumps, and have introduced other improvements ; of these, the 
chiefis the introduction of duplicate cylindrical slide-valves, standing on each 
side of the trunnion. These valves balance one another, and supersede 
the necessity of a balance to counteract the weight of the valves and 
valve-casing ; nevertheless their action in practice has not been quite sa- 
tisfactory. The valves, it is found, are very difficult to move, perhaps from 
a defect of workmanship, or some irregularity of expansion ; but whatever 
be the cause, the &ct is so. The valves also, from their small diameter, 
are not very accessible ; and upon the whole their operation does not ap- 
pear to be so satisfactory as the valve employed by Messrs. Penn, which 
leaves scarce anything to be desired. 

We next come to the plan of Messrs. Fairbaim and Co., as applied on 
board the •* Odin," of the engines of which vessel the view given in the 
plate is a representation. The general arrangement is judicious, and the 
framing, which, in all its main parts, is of malleable iron, is substantial 
and well adjusted. We think more fiivourably of the plan of a parallel 
motion for guiding the top of the piston-rod than the phm of the slides, for 
we believe the parallel motion may be more easily kept from heating. One 
great perfection in Messrs. Fairbaim*s plan is, that the bearings of the par- 
allel motion are made unusually large ; and we feel assured that this engine 
will give less trouble to the engineer, and consume less oil and brasses, than 
are usually chargeable upon the Gorgon appetite. 

The most of what we have said respecting Messrs. Fairbaim's engine will 
also apply to that of Messrs. Rennie, of which we entertain a very favourable 
opinion. The engines depicted as Messrs. Rennie's are those recently 
made for the ** Samson." In this engip*, Stephenson's link motion has 
been introduced to enable the engines io be quickly started or reversed. 



and its nse is attended with complete succesa. Full speed ahead can in- 
stantly be changed to fUU speed astern ; but if there be much lap upon 
the valves there is a certain position in which neither engine can get steam. 

To Messrs. Seaward, we believe, belong the merit of introducing the 
Gorgon genus of engine ; and we trust this distinction may stand them in 
some st^id, as the particulars of their arrangement, we fear, very much 
require some diversion in their favour. The length of this engine, it will 
be remarked, is very little less than that of the common side lever kind ; 
so that we are thrown upon all the evils of a short connecting-rod and 
leviathan paddle-wheel, for the sake of a gain that is scarce worth having. 
In some <^ Messrs. Seaward's engines the evils of too high a shaft have, we 
understand, been very severely felt ; and we learn that in the ** Prmne- 
theus," which is fitted with these engines, the shaft has been considerably 
lowered, though at the expense of making the connecting-rod still shorter, 
that was inconveniently short before. The defect, however, of too high a 
shaft is, it must be remembered, not a peculiarity of Messrs. Seaward's va- 
riety of engine, but is a vice which attaches to the whole Qorgon tribe ; 
and Messrs. Seaward's claim is therefore restricted to the merit of having 
carried the defect further than any one else has aspired to do. 

We fear that much of what we have said respecting Messrs. Seaward's 
engine is applicable, also, to that of Mr. Robert Napier, which is not dis- 
tinguished by any excellence answerable to his high reputation. Mr. 
Napier, we understand, approves more highly of the beam than of the 
direct action engine, and his preference is probably a Just one, if the 
alternative be supposed to lie between the side lever imd Gorgon varieties; 
but we are of opinion that both the Gorgon and side lever plans must be 
given up, and those manufiBieturers who adhere to them pertinaciously will 
gradually be deserted. 

The last Gorgon engine we have to notice is, that of Messrs. Scott, Sin- 
clair, & Co., the subor^ate details of which manifest much judgment and 
ingenuity. The condensers and air-pumps are situated between the cylinders 
as in Messrs. Miller and Co.*s arrangement, but each air-pump is wrought 
by means of cross levers off the cylinder cross head of the other engine, 
whereby the necessity of cranks in the intermediate shaft is avoided, and 
each air-pump acquires the motion of the slide valve of its own engine, 
which is an advantage. To obviate any inconvenience from this arrange- 
ment in the event of fracture or other disarrangement, a passage is esta* 
blished between the condensers which may at any time be opened ; so that 
an injury to one of the engines does not disable the other, as it would do 
without this provision. 

The Steeple plan of engine, which is the invention of Mr. David Napier, 
has the merit dt being very compact and effectual, and in the case of river 
vessels, offers advantages which have led to its extended adoption. The pro- 
trusion of a large portion of the machinery above the deck is, however, 
much objected to in the case of sea-going vessels, and Messrs.Tod and Mac* 
gregor now give the preference to the double cross head engines in such 
cases. It is a fault, we conceive, to make the air-pump with the same stroke 
as the cylinder. Where the air-pump bucket moves with a great velocity, 
the valves strike so forcibly as to wear themselves out very soon. The in- 
jury might, however, be mitigated by the use of the Cornish equilibrium 
valve, both for the delivery valve and the air-pump bucket, though of 
course in such case the equilibrium principle can only be applied so nur as 
to diminish the force with which the valve shuts, not to obviate it alto- 
gether. The equilibrium principle, if carried far, greatly increases the 
load upon the pump; and this is ihe oljection to the Cdmi^ practice. 

Of Messrs. Maudslay's Siamese engine we have already given a specimen 
in the plate of the steam frigate Retribution. Of this plan of engine we 
cannot approve, and we think Messrs. Maudslay would act wisely by giv- 
ing it up in &vour of some less precarious arrangement The Siamese 
plan involves an increased leakage, increased friction, and increased radia- 
tion, while the grand purpose of direct action — saving of room — is only 
imperfectly fulfilled. Should either of the pistons IciSl steam, moreover, 
or either of the stuffing boxes leak air, a twist must be given to the parts 
of the engine, such as would arise if there were more pressure upon one 
half of the piston than on the other. Such a strain cannot, in our judgment, 
fail to be sooner or later injurious. The arrangement also involves the use 
of a low condenser, which the air-pump cannot thoroughly drain, and the 
pitching of the vessel, by causing the water to run from one end of the con- 
denser to the other, sometimes causes the air-pump to make an ineffectual 
stroke, while at other times the air-pump is choked with water, which it 
can only with difficulty deliver, and fVactures occur in consequence. 

A part of the objections which we have here enumerated applies to the 
engines of Messrs. Forrester and Co., as made for the Helen Mac Gregor. 
We here transcribe an account of these engines fitmi a modest and well 
written pamphlet, with which we have been furnished, 

** The engine, of which the following is a description, is one of a pair 
lately constructed by Messrs. George Forrester and Co. for the Helen Mac 
Gregor, Hull and Hamburg steamer. The collective power of the engines 
is 220 horses', the tonnage of the boat being 573. The engines are of the 
form usually denominated * direct action ; ' and without msking any com- 
parison between this and the various other forms of direct action engines 
hitherto made (some of them possessing much that is admirable in the 
ingenuity of their arrangement and the compactness of their different partsX 
I will endeavour plainly to describe the construction and principle of the 
above named engine, and to state wherein I conceive its advantages will be 
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found, in practice, as suitable for sea-going steamers. The foUoTring short 
account will serve to explain the different working parts of the engine. 

" The engine consists of two inverted cylinders, standing upon four strong 
wronght-iron columns, which rest on, and are secured to, the foundation- 
plate, and which, passing through suitable bosses, on the sides of the 
cylinders, support the entablature- plate and crank-pedestals above. The 
cylinders are placed * athwart ships,' with their stuffing-boxes below them, 
aiid at sufficient height from the bottom of the vessel to allow of the main 
cross-bar, which connects together the two piston-rods, working the full 
length of its stroke below them : the stuffing-boxes are of double form, or, 
in other words, they have a space for packing both at top and bottom, 
being furnished with self-acting oil-cups for lubricating the rods. The 
power is transmitted directly, from the main cross-bar below to the cranks 
above the cylinders, by the connecting-rod. The two piston-rods and the 
connecting cross-bar are further secured, and made to work uniformly 
together, by means of a strong vibrating frame of cast-iron, forming part of 
the parallel motion, and which, with the side-levers, serves also to work the 
air-pump as well as the feed, bilge, and brine pumps. 

** Each cylinder is furnished with a separate slide-valve, which two are 
connected together by a cross-bar common to both, being worked by the 
lame eccentric motion. The object of thus dividing the vidve is to shorten 
the. lengths of the * steam-ports,* the valves being brought much closer up 
to the nee of their respective cylinders than would be the case if one only 
were used for both. The condenser is placed immediately underneath the 
tUde-valve case, and the air-pump, foot, and discharge-valves, are similar in 
construction to those of the ordinary side-lever engines. The air-pump 
and condenser are connected together by a passage underneath the founda- 
tion-plate. The waste water is discharged from the hot well by an over- 
flow^ipe through the side of the vessel 

** The application of two cylinders to one engine, having their piston-rods 
connected together, was first introduced by Messrs. Maudslay and Field, of 
London, for marine purposes, and is described in a patent taken out by 
them. The advantage of the use of two cylinders, instead of one of double 
the capacity, has been much questioned ; and, independently considered, 
such an arrangement would only seem at first sight to involve a useless 
complexity of parts, but, when it is remembered that in using two cylinders 
there may be considerable advantage derived from the simplification of the 
remaining part of the engine, their introduction may be regarded as a very 
valuable addition to the various improvements which the steam-engine has 
from time to time undergone. 

** Although it is hardly to be supposed that in engines of the (argest class 
there will ever be required a cylinder of larger dimensions than is practi- 
cable to be constructed all in one, yet it has been found in practice that 
there is considerable difficulty in making cylinders of very large diameter 
•s perfectly true as those of more moderate dimensions ; and in regard to 
pistons, two of forty-eight or fifty inches diameter are stronger (upon the 
same weight), and less liable to accident than one of double the area. The 
use of two cylinders to one engine enables the manufacturer to undertake 
the construction of engines of double the power, without incurring an in- 
creased outlay for new tools, and greatly increases the facility for repairs 
at the government stations abroad, as there will rarely be an mstance of a 
cylinder, or other casting of the double cylinder engine, too large to be 
constructed in a moderate-sized establishment 

** The cylinders have loose covers at each end, and from the upper ends 
the pistons are accessible without the intervention of the piston-rods, so that 
there is double space for examining and adjusting them without disturbing 
the lower covers, or disconnecting any of the working parts of the engine. 

** The elevated position of the cylinders entirely obviates the danger 
sometimes arising from water running over into the cylinders from the 
boilers, as they are here at a higher level than the water line, and an acci- 
dent fix>m this cause cannot occur. The cylinders are also so much higher 
than the condensers, that they are kept perfectly free from water in this 
respect — an advantage well known to engineers who have the charge of 
marine engines. 

** All the moving parts, as the piston-rods, cross-heads. &c. are below the 
water-line, and, being the most vulnerable parts of the engine, are thus 
entirely out of the reach of shot, as in the steam-frigate, whilst from the 
cylinders, which are decidedly the strongest parts of the engine, nothing is 
to be apprehended from this cause, as the construction of the engine is such 
that, if even the outer cylinder were disabled, the other one could be kept at 
work. There is no projection above deck except the ordinary crank- 
hatches; and the crank and paddle-shafts are precisely similar to those of 
the ordinary side-lever engine. 

** The reduction of weight and space as compared with the ordinary engine 
is very great, and much additional room in the vessel is made available for 
cargo. The additional length of engine-room that would have been neces- 
sary if the ordinary beam-engines and common boilers had been used in the 
Helen Biac Gregor, in lieu of the improved engines and tubular boilers with 
which she is fitted, is 25 feet Annexed are a few of the principal 
dimensions of the Helen Mac Gregorys engines, &c. : — Cylinders, 42 inches 
diameter ; length of stroke, 4 feet 6 inches : air-pump, 33^ inches diameter; 
length of stroke, 2 feet 4^ inches; capacity of condenser, mcluding passage 
to mr-pnmp, 44 cubic feet ; capacity of hot well, 36 cubic feet ; wheel, 23 
feet 6 inches diameter to the outside of floats: number of revolutions, 234: 
average pressure of steam in cylinder, 3J lbs." 
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We cannot say we can concur in all we have here extracted; the pre- 
servation of an engine from shot can scarcely, we conceive, be promoted 
by raising the cylinder above the water line ; and whatever weight may be 
attached to the argument in favour of double cylinders, on account of their 
more manageable dimensions, is likely to be rendered unavailing by the 
application of direct action engines to the screw, which, on account of the 
increased speed of piston, will at once diminish the existing dimensions. 
There is no doubt a reduction of weight and space accomplished by the 
double cylinder engine; but the question is, whether an equal reduction is 
not accomplishable by engines which are not open to as weighty objections ? 
In our humble judgment, the oscillating and double cross-head engines are 
both greatly preferable; and so we undertake to say it will be ruled by the 
supreme tribunal of public opinion. 

The nature of the arrangement in the double cross-head engine will be 
made manifest by a reference to the engines of Messrs. Bury or Messrs. 
Fawcett From the top of the piston-r^ a cross-head and side-rods pro- 
ceed, as in side-lever engines ; and from the lower ends of these side-rods 
other side-rods ascend to a cross-head, situated above the other cross-head, 
and which, by means of a short arm, communicates with the crank. By 
this expedient, the benefit of a long connecting-rod is gained without the 
disadvantages incidental to the plans already mentioned. There is only one 
air-pump in Messrs. Bury's engme, but it is double-acting, so that, in effect, 
it is equal to two. A common objection to this description of pump is, 
that the air accumulates underneath the piston ; but a provision is made 
to counteract this tendency, — the bulk of the air-pump piston being made 
to travel past the port, so as to expel air as well as water. We may here 
remark, that it appears expedient in this engine to avoid injecting from 
the bilge into the lower condenser, as coal-dust and other foreign matters 
might otherwise be drawn into the air-pump chamber, which would resist 
the descent of the piston, and probably occasion fracture. 

In Messrs. Fawcett's engine there are two air-pumps, which are wrought 
by independent bell-cranks off a crank in the intermediate shaft The in- 
ferior cross-head is made in the form of a cross, fh>m the ends of which 
four rods proceed to cross bars working vertically in guides on each side 
of the cylinder. The effect of this arrangement is to bring the centres of the 
rods on each side of the cylinder into the same plane, whereby the twist 
incidental to an overhanging pin is avoided. Messrs. Fawcett have, we 
understand, since this design was made, more nearly approximated to 
Messrs. Bury's arrangement ; and we believe their engines are likely to 
become a type which many will follow and many more approve. 

The engines of the ** Black Eagle " steam frigate, represented both in the 
plate of direct-action engines and in separate plates on a larger scale, have 
attracted much attention, as being the first specimen of oscillating engines 
applied to a large sea-going steamer. They do great credit to Messrs. 
Penn, both as regards the beauty of their workmanship and the efficacy of 
their performance, and after an adequate trial, their operation has been 
found so satisfactory as to have induced the Admiralty to order more en- 
gines of the same kind. The oscillating engine is now coming into 
universal favour for marine engines when fitted with paddle-wheels. 

The structure and mode of action of the oscillating engine are so well 
understood, that a slight explanation will suffice to render the plates 
universally intelligible. The steam enters a belt on the cylinder, through 
the curved pipes adjacent to the ship's sides, as figured in Plate XIX., in 
which the vessel is sectioned transversely. From this belt it passes through 
the valve, by which means its distribution is regulated, and it escapes from 
the cylinder to the condenser, at the side of the belt opposite to that at 
which it entered. There are two air-pumps lying at an angle with the keel, 
as may be remarked in Plate XVIII. ; and they are both wrought by a 
single crank in the intermediate shaft, the due position of the air-pump rods 
being maintained by means of guides. The slide-valves are provided with 
guides, and are wrought by means of an eccentric, in the usual manner; but 
the eccentiic rod is not attached immediately to the valve lever, but to a 
curved transverse link, guided between the columns that support the shaft, 
and susceptible of a vertical motion. The curve of this link is designed to 
obviate the irregularity that would result otherwise from the combined 
movement of the cylinder and eccentric. The columns of the framing are 
of malleable iron ; and a malleable iron cross is introduced at each side of 
the engine, to give the framing greater stiffness. The starting handles are 
so situated as to be accessible from a stage situated near the level of the 
cylinder covers ; and this stage is continued round the engine, so as to 
afford easy access to all parts of it There is nothing peculiar in the hot 
wells ; they are bolted to the mouths of the air-pumps ; and rise, as usual, 
to a high elevation. The paddle-wheels of the ** Black Eagle " are of the 
feathering variety, something after the fiishion of Morgan's, but greatly 
superior thereto in the details of their construction, lliese wheels have 
performed very satisfactorily, and are calculated, we think, to rescue fea- 
thering paddles from much of the discredit thrown upon them by the unskil- 
fulness of former manufacturers. Though the oscillating engine now 
commands the suffrages of all the most competent authorities, it was for a 
long time regarded with but little favour ; and it required all the authority 
of Messrs. Penn's name and success to gain for it a trial in sea-going 
vessels. One objection to its use was that the cylinder and stuffing-box 
would speedily b^me oval, on account of the pressure necessary to com- 
municate motion to the cylinder. The existence of a tendency of this 
kind cannot be disputed ; but it is so small in amount as to be imperceptible 
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In practice ; and althoagh, after a lapse of years, it has been found that 
oscillating cylinders become slightly oval, yet the amount of ellipticity is, 
for the most part, actually less than is found to exist in the cylinders of 
common side-lever engines, after the same extent of triaL This, indeed, 
if the question be considered attentively, is by no means surprising ; for 
the common parallel motion, if in the least degree out of a^ustment, will 
exercise a most severe pressure upon the cylinder ; whereas the maximum 
pressure that can be exerted on the oscillating plan is only that requisite 
to overcome the friction of the pivots on which the cylinder oscillates, and 
of which the amount is insignificant Upon the stuffing-box, indeed, the 
tendency to wear oval may be more operative; but, to counteract this ten- 
dency, it is made of unusual depth, and a very substantial brass bush is 
fitted into its interior portion. The piston rod, moreover, is made of cast 
steel and of extra size. With these precautions, oscillating engines are 
found to work, for a number of years, without inconvenience from the 
causes mentioned. 

Many nautical men, and some engineers, have objected to oscillating 
engines on account of the movement of the cylinder, which, they imagined, 
would become a formidable evil in the case of a vessel rolling heavily at 
sea. These objectors do not seem to have remarked that the rolling of the 
cylinder is neither dependent upon, nor proportionate to, the rolling of the 
snip, but is regulated exclusively by the movement of the piston ; and it 
is difficult to see why a mass of matter, in the form of a cylinder, should be 
more formidable or mtractable in its movements than a similar quantity of 
matter in the form of a side lever, or in any other shape whatever. It has 
also been objected against the oscillating engine, that the eduction passages 
are more tortuous than in common engines, so that the steam gets out of 
the cylinder less f^ly. We do not believe such to be the fact, if the 
comparison be made with the common run of marine engines ; and in 
practice, no diminution of efficacy from this cause is appreciable. The fact 
is, all the objections that have been raised to the oscillating engine are 
merely hypothetical ; they are anticipations of defects to be found out in 
large engines on the oscillating pUm, and would probably be plausible 
enough to carry some weight, were it not the fact, that they have been 
completely controverted by experience. The remark, indeed, is heard 
sometimes even yet, that the oscillating method may do very well for small 
engines, but is of doubtful efficacy for large ones. But the definition of 
large engines has been continually changed, to escape the contradiction ex- 
perience afibrded, and that siie is, in every case, decided to be large, which 
just exceeds the size of the oscillating engine last constructed. The 
grounds of this scepticism however, are now being fEUt contracted: and, 
indeed, experience has now demolished every objection that theory had 
raised. Some persons have apprehended that it would be difficult in large 
oscillating en^es to obtain sufficient surfSeuie of trunnion to prevent the 
trunnions from heating ; yet we have never been able to learn that any 
heating of those bearings has been found to occur in practice, and it ap- 
pears probable that any sueh disposition would be resisted by the cooling 
effect of the steam passing through them, which, though hot, is of greatly infe- 
rior temperature to that of a hot bearing. It does not appear to us, however, 
that the trunnions may not be made with any amount of surface that is 
thought desirable, but we believe the proportion adopted by Messrs. Penn 
will be found adequate, and need not be increased. 

BOTATORT ENGINES. 

Rotatory engines are engines for obtaining a motion round an axis by 
the direct action of the steam, without involving the necessity of recipro- 
cation. Some of them operate on the principle of reaction, of which the 
^k>lopile and the engines of Avery and others may be taken as specimens; 
others operate on the principle of impulse, as exemplified by the wheels of 
Branca, Corde, and Pilbrow ; a third kind trusts to the mtervention of 
some liquid to produce the desired effect, as in the mercury engine of Watt 
and the wheel of Amonton; while in the fourth class the piston moves in 
a circle round the axis. It cannot be said that any one of the multitude of 
rotatory engines yet tried has been completely successful ; nevertheless, we 
are by no means of opinion that a good rotatory engine will never be dis- 
covered, but, on the contrary, believe that the reciprocating engine will 
yet be superseded by a rotatory contrivance of a far simpler kind than any 
one now contemplates. Time will test the justice of this opinion. — It is, 
of course, impossible that we can give any enumeration, even, of the num- 
berless schemes for rotatory engines that have at various times been pro- 
jected, but we shall briefly describe a few of those which have attracted 
the most attention. 

In Plate XX., entitled "Projects for Rotatory. Steam Engines,"/^. 1., is 
an engine with a revolving piston, contrived by Mr. Watt, who was the 
author of several plans of rotatory engines. One of these was the engine 
mentioned in page 16., as having been moved by the force of steam acting 
in a circular channel against a valve on the one side, and a column of mer- 
cury, or a heavy weight, on the other side ; and the other engine was that 
mentioned in page 17., as having been of the form of a decanter. In^. 1. 
E is the cylinder, A the revolving piston, B a valve opening and shutting 
like a door, H the steam passage, and K the eduction passage leading to 
the condenser. The steam pressing between B and A forces A into revo- 
lution, carrying with it the shaft D ; and when the piston in its revolution 
meets B, it forcies it back in a recesi and passet l^, when B is again imme- 



diately forced out by the pressure of the steam behind it The defect of this 
engine is, that A strikes B very forcibly, so as materially to injure the 
machine. The leakage, moreover, is greater than in common engines. 
The plan has often been revived with new modifications, but has never 
realised a result equal to that reached by the reciprocating engine. 

Fig, 2. and 3. is a representation of a rotatoxr engine, contrived by Mr. 
Murdoch. £E is a steam vessel, ftimished with roUers A and B, toothed 
into one another, and the ends of the teeth are made steam tight, where 
they rub against the steam vessel. C and D are the axes of the rollers, ee 
and ff the ends of the steam vessel, H the steam pipe, K the eduction pipe, 
r the steam valve, Q the condenser, R the air pump, and Z a crank by 
which the air pump is wrought The steam entering at H forces the 
toothed rollers round, in order to proceed towards the vacuum at EL There 
is much friction in this kind of engine, much leakage, and but a small 
power realised, in proportion to the size of the nuichine. The same scheme 
is proposed for raising water in Leupold's Theatrum Machinarum of 1720, 
where it is called the Machina Pappenheimuma, and, indeed, in these 
olden books devices are continually met with which have been re-intro- 
duced at a later time with great piurade and pretension. There is a pro- 
digious waste of ingenuity in this re-invention of things already invented 
before. The history of mechanical device has yet to be written ; and there 
could be no task more useful than that of recording all known devices, so 
as to establish a point from which invention might properly begin. 

Figs. 4, 5, 6, 7, and 8. represent a rotatory engme, contrived by Horn- 
blower, and fig. 9. Carter's improvement upon it The steam is admitted 
between two movable rectangular leaves, A and B, placed within a cylinder 
EE ; and these leaves being so provided with catches that they cannot 
move back, the effect of the admission of steam between the leaves is to 
force the foremost of them into revolution, ee, ff, are the ends of the 
cylinder, A the steam pipe, k eduction pipe, DO the axes by which the 
steam is admitted and discharged ; there are two steam valves a, and two 
exhaustion valves 6, in the flat surfaces of A and B. The steam is admitted^ 
and the exhaustion effected through the axes, which are made hollow for that 
purpose. M 'Si, fig. 8., are clamps lodged in the circular channels wv, and 
their configuration is such that they will turn round easily enough in one 
direction, but when forced in the other will jam, so that they serve the 
purpose of ratchet wheels. Similar clamps are situated within the boxes xx 
and yy, fig. 6., and they are connected with the short double-ended levers 
xy and N N, affixed to the shafts. In^^. 9. M M are the clamps proposed 
by Carter, H H being the circular box as before, the ends of the lever N N, 
against which the clamps act, are eccentric to the box, so that they jam 
when N N moves in the direction of the arrows ; pp are springs by which 
the clamps are carried round with the leaves. So soon as the moving 
piston comes round to the position occupied by the stationary piston, the 
stationary piston by a reversal of the valves moves on, and the moving 
piston becomes stationary, and so on continually. 

Another rotatory engine, designed by Homblower, is represented in 
figs. 183, 184, and 185., and consists of a steam vessel made of cast 
iron, of the form of a globe, flattened at the poles. Fig. 185. is a repre- 
sentation of the parts of the machine which move round within the steam 
vessel, and.^. 184. represents the interior c^fig. 183., with its lid removed. 
The pipe A., fig. 183., receives the steam from the boiler, to which is con- 
nected a valve-box, of any usual construction, by which to regulate the 
admission of steam. At B the eduction pipe is connected, leading fh>m 
the upper apartment to the condensing apparatus, and turning in such a 
direction as may be most convenient for the discharging pump to be 
wrought by the axle of the engine. DD is a middle part of the steam 
vessel, ftimished with flanges for the purpose of screwing it to EE, and 
also for receiving the lid ; by which means the partition within is secured 
to its place in the middle of the machine; and the lid may easily be re- 
moved for the purpose of rectifying and repairing the internal stru c tur e^ 
G is the square part of one end of the axis of the machine, over which is 
placed a gland H, divided into parts, in order that it may be rat on oiver 
the square, and properly embrace the round part of the axis. Within this 
gland is a stuffing-box, for the purpose of keeping the axle both air and 
steam tight. In one side of the lower apartment <^ the steam vessel is a 
small opening, secured by a lid, for the purpose of cleaning that part of 
the machine. 

Fig. 184. represents the partition within the steam vessel, which may be 
made either of brass or iron, or of both those metals combined. BB is the 
lower flange, the upper part being taken away. CO are the two openings 
or passages for the vanes : these the inventor calls vane-ports ; and to 
reach a right conception of their figure, it may be explained, that the 
largest vane-port is formed by the exterior portions of two cones, and by a 
portion of the concave part of a sphere. The extent of this passage 
throughout must at least be equal to ninety degrees of a circle, and the 
vanes must be of a sufficient width for two of them always to make their 
entrance into the vane-ports before the other two make their exit The 
edge may, therefore, be supposed to descend into the lower apartment one 
half of its depth, and to rise the other half to meet the eye. Tbe part E is 
formed spherically, and is provided with a packing-groove, which neets 
the edge of metal in the middle of the vanes. FF is the main axle 
of the machine, as well as the descending vane, by which means both the 
nave and the vanes move steam-tight in their revolutions. V V V V is that 
part of the partition which forms a plane at the axis of the globe, and is 
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r-pnmp, uid r 
!l thai portion of the plain ■urface of each 
segment, vhich inswen to the path of the roller G, be roanded off in guch 
a manner as to make that portion of the mr^e an arc of a circle, the con- 
vex circumfereDce of which ia presented lo the roller G. Infig. 188., at H, 
\» shnHn a perpendicular viev of one of the aegmenla, rounded off in the 
manner described, and presentrng 111 convex circumference to the roller O. 
There may, likeiriie, be another roller attached to the bar behind it, to 
loirer down tiie legmenta in the aanie manner in vbich thej are railed by 
the fim roller. Now it ii obvioai, all the aaid tegmenta being in their 
plicei in the groove CD,.^. 186., that the roller G, in perform tng a revolu' 
tioD roand the centre I, moat travel along a >erie( of convex aro of circLei 
equal in niunber to the number of legmenta in the groove C D. The groove 
D E ia, in ftct, a reces* in the deeper groove C D, and ma;, if necesaar;, 
be filled vith hemp or tallow, or anyoUtermaterial, whicb may answer (he 
purpose intended. It moat be remembered that fig. 186. ia a view of the 
under side of the machinery. Fig. 187. ii a aection of it, eopposed to be in 
its proper poaition, retting as a cover to the circular chamber Y Y, imd the 
Mgmeott resting upon a flat facing OO. Each tegmect prqjecta over the 
facing OO on trath tidei ; their projeciion on one aide complete* the cover 
over the hollow chamber, and the other is the rounded inrftce for the roller 
to lift them. The filing O O is eiactW, or as nearly as can be, level with 
the under side of the pl^ AB A B, when the plaie is on it* place, aa re- 
presented inj^. 187. ; so that, when the segments are all in their place*, they 
complete the semicircular chamber, and fit ao close on their seats and in 
the groove, that were the chamber to be filled with any dude fluid, they 
would prevent its escape, or nearly, excepting where the space is left for 
the springs or adjuating screws. The use of these segments, which are 
Khal tht palaUct ctainu ai hit aixntim, is as follows: — Conceive a door 
or valve to be fitted in the hollow chamber at Q, and a piston, R, likewise 
fitted ia the chamber ao as to move round in it, and the bar F made fast la 
the piston, on the aide and in the manner represented in^. 186.; then, if an 
elastic fluid of sufficient strength entera the chamber at N, it will preta 
equally against the door-valve and the piston i but the door or valve being 
immovable, and the piston movable, the piston will be propelled forward 
in the circular chamber by the elastic fluid. The bar F bemg ftaiened lo 
the piston, and the roller G to the bar F, in the manner represented in 
Jig. 1 88. ) and the roller being in motion with the bar and piston, the roller 
will lift the tegmenta in iocceiuon as it cornea in contact with them. The 
tegmenta befote the bar, being by thia mean* lifted, allow the bar to pass; 
and the operation being the Mine in all, the bar and piston make a com- 
plete revolution. Each segment, aa soon as the bar leaves it, iUIs down by 
Its own gnvity, or by spring*, or any other contrivance, so that the open- 
ing which ia made for the bar to paaa is closed before the elastic fluid 
reaches it; the elastio flnid being kept thim the opening by the inner 
breadth of the piston exceeding ^e oater diameter of each segment. The 
door or valve is lifted out of the way of the piston, when the piston come* 
is contact with it, into the opening in the plate at N, i receas being made 
in that segment which i* opposite the door for that purpose ; during which 
time the elastio fluid is shut oot, but it entera again when the door returns 
to its seat, and thna the operation eontinnet. 'Hiere is much ingenuity in 
this contrivance: the principle on which the bar is enabled to pau the 
segments is nearly identical with that introdoced by Mr. Clegg mto the 
atmospheric railway, fbr enabling the [onoQ withio the pipe to be Joined 
on to tbe carriages outside. 

Our neit example i* Ht. Tomer'* rotatory engine, patented in 1816. 
f^. 189. is a plan of tha engine, represented so aa to show the internal stmc- 
tare. fijt-lBO.isanotherplan. fV^lSI.and IS!. sreseGtioQ»,takenthrough 
the axis of the engine in different directions. AA, BB, CC, is thecvlinder, 
or exiemal ease of the engine, made in two or more parts, wh^ich are 
fesiened together with screws, so aa to form a circular or aunulu- passage, the 
transverse aection of which ia likewise circolar, ■* shown at E E, figt. 191. 
and 193. The piston F, j!;. 189., is accurately fitted into thiscircular passage, 
and is caused to revolve therein by the pressure of the steam, which is ap- 
plied behind it, or on the side F, whilst a vacunm is made before it, or on 
the side G. The piston being connected with a central plate G, which i* 
fixed tixt npon the axi* or ihut H, the sud shaft is put in motion; and by 
wheel-work I, or any machinery which is best adapted, the power of the 
engine is communicated to any uaeful pnrpotes to which it is intended to be 
applied. The means by which the force of Ream ia made to produce the 
rotatory motion is as follows : — Two valve* or sliders, K and L, are ap- 
plied at the opposite sides of the annular passage or cylinder E E, in the 
manner represented in,^;!. 1S9. and 191. The edge of the central plate G, 
which has the projecting arm to commnnicale with the piston, must be made 
BO that they can be made to shnt up the passage oftbe cylinder EE.aa repre- 
sented at II, and prevent tbe passage of the steam through the some, or the 
alider may be opened, at shown by the dotted line*, to allow the piston F 
to pass freely through the eyiinder. This is done by moving it sideways on 
its centre 3. out of the cylinder, into the box or case M, which i* provided 
for its reception. The sliders are put in motion by a communication from 
the outaide of the engine, so that each one shall begin to open aa soon as 
the piston F approaches it, and shall be completely opentd whilst the piston 
passes by, and that it shall then descend agamapon its Beat. NO,.^. 189. 
and 192., are two paatages, through each of wbicb the steam is ^lemately 
introdtieed and mhdimwn from the cylinder. The two passage* are placed 
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on oppoaite lidet of the eeatre of the engioe, tuid are provided with »«lTe» 
or eoeka, which nre adapted to be opened and shut bj the action of the 
machinery in inch succession, that when steam is entering from the boiler 
into the cylinder at one pasv^ it ahall be going oat into the open air, or 
to the condenser, at the opposite passage. The mechanism which actuates 
the slides KL, and the mecbanism which opens the ralrei for the admission 
and exhauation of the steam through the passages N and O, act in coocett 
with each other, and in noisoa with the motion of the piiton Y\ to that, as 
soon as poisible after the piston has passed bj' the seat of a slider, the slider 
ahall be lowered doan into its place read; to close the passage of the cy- 
linder behind the piston. The iostaiit the piston Las passed by the next 
opening, the steam ia admitted to flow through it, and act between the slider 
and the piston, to force the piaton forwarda m the cylinder by its expausiva 

To eipUin the aetioo of the engine more clearly, suppose the parts in the 
poutionin Jig. 169.; the slider L is shut, and the steam is flowing, tbroaga 
the passage O, into the space between the slider L and the piston F i at the 
tame time the passage N is open to the condenser, lo exhaust the steam 
from the remaining part of the cylinder, and to remove the pressure from 
the front side G,<^thc piston. In coiuequence, the pressure of the steam 
acting behind the piston F, puts it in motion in the direction of the arrow, 
and drives the arm of the central plate before it. The slider K, ia 
now in the act of opening, and by the time the prcgeeting part of the plate 
G arrives at its aeat, it will be quite open into the box M, where it will re- 
main until the piston F has passed by its seat ; it then begins to descend, 
and by the time the piston arrives at the opening of the passage N, the 
■tider K will be completely shnt and stop the cylinder. The instant the 
piston has passed over the opening of the passage N, the steam valves are 
changed by the machinery, so as lo admit the steam into the passage V, and 
also to allow the steam to pass away, through the other passage O, to the 
condenser I in consequence, iheateam enters the space between Nand K,and 
thna, being behind the piston, drives it atiU forwards towards the slider L, 
which immediately begiosto rise by the action ofthemachitiery, andaasoon 
as the projecting part G of the central plate approaches it, it will have re- 
tieated into the box M, leaving the cylinder f^ee for the passage of the piston. 
Immediately after the piston haa pused, the slider L descends again, and 
gets settled to its place by the time the piston arrivea at the opening O ; 
and the instant the piston has passed over this opening, the steam valves 
are changed again ; so that the steam will be admitted at O, behind the 
piston, and act between the slider L and the back of the piston, to force it 
forwards, which is the same position represented in the figure. By this 
means the pressure of the steam is always made to act behmd the piston, 
ami the vacanm is maintained before it. The sliders K and L are put 
in motion by levers 9 and 10, which are fitted on the ontsides of the boxes 
H, but move upon the same centre pins 3, as the aliders move upon within- 
■ide the boxes, the levers being forked, ae shown in the figure, lo reach on 
each aide of the boxes; and the centre pins 3 pasa through the sides of the 
boxes, and also through both forks of the levers S, 10, but do not turn 
romld in the holes. To eommunicale motion from the levers at the out- 
ddes of the boxes to the valves withiuaide, curved rods, 11, II, are carried 
tram the levers through the sides of the boxes M, and jointed to the arm 
tS the sliders ; stuffing boxes are formed round the rods to make tight 
fittings where they pass through the sidea of the boxes M. The enda of 
the levera, 9, 10, are made to be included in an eccentric groove or rein, 
Z Y, fixed to the central axis H. Thefonnof thiais shown in j!^. 190.,Bnd 
is such aa to hold the sliders shot, except during the time that it is necet- 
aary to lift up the aame to allow the piston to pass by. To make the 
aliders fit steam-tight when they are shut, they are made rather lai^;er 
than the diameter of the cylinder, and are received in grooves made round 
in the inside, and the valves are pvund against one o! the faces of each 
of these grooves, ao that they will fit tight without any packing. The 
piaton is made of several segments put together, with springs behind them, 
to throw them out against the inside aurhce of the cylinder, and it is thus 
made tight without any packing of hemp. 

We now come to the patent of Mr. Joseph Eve, taken ont in 1 835. ^i;. 
193. presents an end section ; fig. 194. a longitndinal section of this engine, 
"an are the cylinder and cone, revolving in contact in opposite directions, 
the cone having one groove, and being one third of the diameter of the 
cylinder, which latter has three wings or pistons e e e, the ends of which, 
as they revolve, touch the outer caae t, and do not admit any steam to pass 
The steam is adnutted through the pipe y| and acting on the wingc. causea 
the cylinder to revolve until the said wing passes the pipe g, when the 
volume of steam lodged between each two wings, is allowed to escape. 
The wing, which has thus passed, fklls into the groove dof the cone, 
the bottom of which groove it touches in passing, ^na allowing no steam 
to escape between. The said wing c then passes again by the ateam pipe 
f, and is acted upon as before described, and so on in rotation. The 
cylinder a, which is firmly fixed to its axis b, rests on one aide on the 
outer case e, through which the axis prqjeeta ; but as there is some fKction 
prodoced by the revolution of the cylinder at its two enda touching 
the outer case, a fitlse end A A. is placed under the opposite end of 
the cylinder, which false end slides on the axia b fteely, and has i 
thread cut at the end, by means of which, and the a^joating nnt t. 
the cylinder, if worn at the two ends, can be easily tightened and ad- 
Jnited. The adjusting out is confined by the collar A, which collar it | 
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Bcrewed to the outer case. The conical thape of the small runner, which 
can Ukewise be moved upwards or downwards in the outer case, scrvea to 
keep the two convex surftces of (he cyhnder and cone in contact. The 
groove d, in the conical runner, ia cut into a separate piece of metal, which 
slides by an adjusting screw e, op and down : so that when the engine 
is adjusted, the groove d, on the piece of metal, into which the said groove 
is cut, can be moved up and down, so as to fit the wings of the cylinder. 
Letters mm, vafig. 194., represent two cog wheels running into each other, 
attached on the outside of the engine to the axia of the cylinder and cone, 
placed there for the purpose of ptt>ducing a corresponding revolution of 
the aaid cylinder and cone, thus caosing the groove of the cone to present 
itself regnlarly to the wtnga of the cyhnder ; o, is a pinion fixed to the 
other end of the axia, by meana of wluch any machinery can be pm into 



Tig. 193. 



Bg. 197. 




Another variety of ateam engine on thia principle is shown by an end 
section livwinfg. 197.,and an external view in^. 198. This engine hai a 
cylinder with two small conical runners on each side, the said cimieal 
runners being of the same constmdion as before described, with one grooTO 
cut into each, and being one third of the diameter of the cylinder. There 
are two induction and two eduction ateam pipes ; and although the engine 
may be, with the exception of the addition of one of the conical runners, 
exactly of the same size aa the one first described, a double quantity of 
ateam is reqniaite, and twice the power of the former engine is gained : 
the steam enters through the pipe/o, and acta on the wing c, which, after 
having passed the pipe go, where the steam escapea, falls into the groove 
d, of the lower cone, and appearing at the induction steam pipe /'A, is losded 
again with ateam pressure, which it discharge* at the seeond eduction pipe 
^ 0, and then enters the groove of the upper cone, which having passed, it 
IS loaded agvn at the fiiM-mentioned induction pipe. Letlera mw, are 
bridges, by which the spindles or axes bbb, are lupported. This en^e 
ha* thiee cogwheels nan, attached to the three spmdles, so as to caoar 
G Q 
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the cjlinder tni cona to retolva in nniion, tnd, like the flnt-deseribed 
cDgine, hM a junioo o, od the apposite end of the kus of the cjlindrr, 
Fy. 199. ihowt tn end lection, Jig. 300. a loDmCudinal lection, and 
^.SOI. the ezterior of tnother form of thi« engine, m which there ve tvo 
rolten. The conlcil mnnen, in this case, ue of an eqoal length and 
diameter, each hai two wings or pialoiu attached, and two ^roorei cut into 
it, and in reTolring in oppoaite directioni, the «ing of one runner falli 
■Itematelj into the groove of the other. The 6team enters by pipe f, and 
ai the cylioden an ninning in conlact, it cannot escape between them, but 
acta npon the two wiup in opposite directioni, and eecapes at the eduction 
^pe a, after the said wmg« have paoed the same. By reference to J!g. 200., 
which represents a loogitadinal section, it will be seen that the two conee 
have each two fUse ends A h, sliding freely on dieir spindles ; the two oater 
case* < e, Gt o*er the mnners and their wings exactly ; each of the four false 
ends has an ai^Bitin^ nnt, bjr which the engine U ^gbCened if steam shonld 
escape, or slackened if it should nm too tight Each pdr of the false ends, 
wh^ they join, have a plate that connects them and breaks their joints, so 
a* to preheat an eeeape of steam ; this plate A, slides into the groove r, cot out 
of the false ends, u eihibited hjfig. 195. and fig. 19e„ the former showing 

. A _:„ »* .1.. *Li J 1. ..jg connecting plate in the middle. " 

„ rhich are cooflned to the sliding ,_... 

IT figure, are placed. These rings press against the 
hoUow outer casea, and prevent any steam escaping bj them. These pack- 
ing ringa are shown in section, in ^. 300, It will be evident that the false 
ends need not be made tne, if the connecting plates and packing rings, as 
abore described, be adopted, and that the engine, if provided with move- 
able false ends, conical mnners, and the afore- described connecting plates, 
uid packing rings attached, isshown in jS^.SOO., can always be kept steam- 
tight, and by ose the varioas part*, on which there ia any IViction, will fit 

Fig. 302. is Scale's rotatory engine, in which the steam is adntitted on the 
one side of an eccentric frame, armed with rollers, which servo the place of 
jM»tons;«nd_the eentrifuml force is reckoned capable ot keeping the rollers 
against the interior of the cylindi^. An engine upon this plan hai been 
put into a steam vessel, hot its success has not been such as to induce its 
more extended adoption. 

Fig. 303. is the engine specified in the last patent of the Earl of Dan- 
donaid, and which has been introduced in the steam tngtte " Janus." It 
ii not very correctly represented in the accompanying sketch, which is 
coined from the roogh drawing given in his specification. This plan very 
nnch resembles that contrived by Watt, except that an eccentric is sub- 
•tituted for a leat and a ball and socket joint ia introduced in onler to 
enable the steam and eihanstion doom to make a steam-tight jonction with 
the eccentric This contrivance has not as yet realised any great success, 
and the prevailing opinion among engineers appearg to be, that il will not 
sapenede ordinary engines. Similar engine* have been tried on many 
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former occasions, but they have been always found to involve either * ra- 
iuons amount of leakage, or such a degree of friction as to make the plan 
impossible in practice. These difficulties will protiablj be abated a* the 
resonrces of workmanship increase i but they ciisl at the present time, and 
have proved fatal to nearly the whole tribe of rotatory engines. 

The following is the description of Mr. Peter Borrie's rotatorr en- 

Jine, represented in one of the engravings. The letlen in all the 
gures refer to similar parts. Fig. 1. is a transverse section, through the 
centre of the cylinder ; ^.2, a longitudinal section of the engine i fig.X 
a transverse section through the centre of the air pomp, and showing an 
end elevation of the other parts ; fy, i, a side elevation of the engine ; and 
fig. S. a ground plan. A is the foundation plate, to which all the part* of 
the engine are directiy or indirectly attached. B is the external cylinder, 
fixed to the foundation plate. C is a smaller cylinder, revolving within 
the eitemal one, on a shaft D, whose centre is placed to fsr above that of 
the external cylinder, that their circumferences may tooch one another at 
the upper point A>. Thus the space between them gndaally incnasca ftam 
A' to the tower point A'. The shaft D passes through steam-tight stufflng 
boxes in the cylmder ends, and revolves in bearinga on the names Z ^ 
which are firmly bolted to the foundation plate, and stayed to the cylinder. 
E B are two sliding pistons, consisting each of two arms, connected together 
by four rods passing over the shaft : their breadth is equal to that of the 
outer cylinder, and their joint length over their extremities is necessarily 
somewhat less than its diameter, owing to the eccentricity of the retolving 
cylinder : these pistons slide freely at right angles to one another, through' 
passages made in the circumference of the revotvmg cylinder, their sliding 
motion being caused by the pressure of one of their extremities on the 
ascending side of the outer cylinder, (whichever side that may be,) and 
the eccentricity of the revolving cylinder through which the; slide. As 
their length is always slightly varying during the course of a revolution, 
the difference is made up by metallic packing, placed between the two 
thicknesses of plates of wbich the arms of the pislons are Composed : the 
picking il pressed by springs toward the lides and circumference of tho 
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oater cylinder, and will be understood by referring to figs, 1 and 2. on the 
drawing. There are metallic packings in the passages in the inner cylin- 
der through which the pistons slide, which are pressed on the flat surfaces 
of the pistons by springs, and prevent the steam passing to the interior. 
There are also two steel rollers at the inside of the packings, which are 
pressed up to the flat sides of the pistons by screws ; these are for the pur- 
pose of (Uminishing the friction of their sliding motion. These rollers 
would not be necessary excepting in large engines. The rim of the inner 
cylinder is made to project into metallic packing boxes in the cylinder 
ends ; thus the steam is entirely prevented from passing into the interior of 
the inner cylinder ; a packing box is also placed at the point of contact A', 
to prevent the steam passing to either side. It will therefore be under- 
stood, that the steam only acts on the projecting part of the sliding pistons, 
between the inner and outer cylinders. The steam in coming fh)m the 
boiler, through the steam pipe F, has first to pass the slide G, which is 
worked by the handle H ; it is used for regulating the speed of the engine, 
and also for stopping it, when required. After passing the above slide, it 
enters the steam-tight jacket J, the bottom of which is the slide face having 
the four cylinder ports, K, L, M, and N, and the eduction port Q on it. 
A slide O worked by a handle P passes over these ports for the purpose of 
reversing the motion of the engine. There are two ports O* and O^ on the 
slide, one of which, O^ in the position the slide is shown on the drawing, 
is open to the steam port L, the port N is closed, and the two ports M and 
K are open to the eduction port Q, so that when the slide is in this position, 
the engine will necessarily move in the direction indicated by the arrows, 
and by moving the slide along until the port O' is above the steam port K, 
then will the port M be closed, and N and L open to eduction, so that the 
Bteam will act at the opposite side of the cylinder, and consequently the 
motion be reversed. The lower cylinder ports M and N are never used for 
admitting steam, but only for leading off the eduction ; the object in placing 
them so low in the cylinder is to allow the vacuum to act upon the pistons 
sooner. From the relative position of the two cylinders, the distance be- 
tween their circumferences gradually increasing from contact at the upper 
point A', to the greatest distance at the lower point A* (which in this case 
18 one sixth of the diameter of the external cylinder, but may be varied 
according to circumstances), it will be seen that in whatever direction the 
engine revolves, the area of that part of the pistons which is acted on by 
steam and vacuum gradually increases, so that the principle of expansion is 
carried out, without the use of expansion gear. The steam passing through 
the eduction passage Q is conducted by the eduction pipe R to the condenser 
S. T, is the injection slide, placed at the lower end of the eduction pipe, 
and conducting the water up the pipe, so as to act fully on the steam in 
passing downwards: it is worked by a lever and rod connected to the 
handle U, which is placed In proximity with the other starting handles H 
and P. V, is the blow through valve. W is the air pump, which is a double- 
acting one, the interior arrangement of its valve, &c. is shown at fig, 3 ; it 
has a metallic packing piston, which is worked from the main shaft by a 
crank and connecting rod, and the piston rod is kept parallel by two slide 
guides bolted on the air pump cover. X is the hot well, and Y the dis- 
charae passage. The pumps are worked from the main shaft by an eccen- 
tric C, connected by rod and lever to a rocking shaft d, on which are keyed 
two levers e and^^ which are connected by rods to the pumps g and A ; the 
pump g is intended for the bilge water (supposing this to be a marine en- 
^ne), and the pump A for feeding the botlers; the latter has its valve chest 
J, bolted on the hot welL 

The drawing represents an engine with outside cylinder, 3 ft 6 in. dia- 
meter, and 1 ft 6 in. long ; and internal cylinder, 2 ft. 11 in. diameter. 
The steam is supposed to be at 30 lbs. pressure above the atmosphere, and 
the vacuum in the condenser to be 12 lbs. per square inch. From these 
data, the projector calculates that, at a speed of 50 revolutions per minute, 
allowing 10 per cent for friction, t^e engine will raise 1,976,400 lbs., 1 foot 
high per minute, with a consumption of *36 cubic feet of water, in the shape 
of steam. We do not altogether understand the very long calculation by 
which Mr. Borrie arrives at this result ; but, from somewhat simpler com- 
putations of our own, we believe he is not far wrong in his computation, 
which makes this engine one of about 60 horse power. As it is admitted, 
that a common low pressure condensing Boulton and Watt engine requires 
about three times the quantity of steam for the same power, the patentee 
arrives at the conclusion that his engine will save two thirds of the coals 
consumed by the ordinary engines. Several considerations prevent us ac- 
qmescing in this. In estimating the quantity of steam used in a Boulton 
and Watt engine, 37 per cent, is allowed for friction, leakage, &c., besides 
one twelfth more for filling the passages, slide valves, &c In Mr. Borrie's 
estimate of the powers of his own engine, he allows only 10 per cent for 
friction, and nothing at all for steam wasted in filling passages. Then, 
again, there can be no fair comparison between a high pressure condensing 
and expansive engine, with steam at 30 lbs. on the inch, and expanding to 
above twice its original volume, and a low pressure non-expansive engine. 

Mr. Joseph Wo^*s patent rotatory engine, which is figured in one of 
the plates, consists of the following principal parts : — the revolving parts 
consist of an axle passmg through a circular disc plate and ball, which plate 
and ball are termed the diaphragm of the engine. These are firmly fixed 
on the main driving shaft at right angles to its axis of motion. The disc 
plate, and consequently the axle, has also attached to it a piston oscillating 
Cofwardi each end, in a line with the main axle, and passing through a slot- 



hole formed in the diaphragm fh>m its centre to its circumference. This 
diaphragm or disc plate is furnished with a channel or way, passing down- 
wards from each side of the slot cut through it for the piston to pass, and 
this way or channel extends through the ball, where one way or channel 
turns to the right and the other to the left, and emerging from the said ball, 
continues as a channel formed on the axle to the admission and exhaustion 
chambers respectively. 

The stationary parts in this modification of the engine consist of two 
conical surfaces or side-pieces, inclosed in a spherical case in such a man* 
ner that one portion of each side of each cone shall be perpendicular to the 
axle of the machine, and in contact with the revolving diaphragm on its 
opposite sides, and also on the opposite sides of the axle; and, moreover, 
where the portion of one side of the diaphragm is in contact wiUi one cone, 
it has the opposite cone at its greatest distance. The apex of each cone is, 
however, removed and cupped so as to fit the centre ball of the diaphragm 
before mentioned ; and that part of each cone in contact with the diaphragm 
and its ball is consequently subject to wear by friction, and is made of a 
separate piece of suitable metallic packing, and adjusted by springs or other 
mechanical means. 

In this modification of the machine the spherical case continues all round 
the cones (excepting where it is pierced for the axle to pass through), and 
the cones are hollowed out to form chambers for the admission and dis- 
persion of the steam or other fluid, the direction of which is altered by a 
valve for reversing the induction and eduction apertures. 

The cones being placed as described, within the spherical case, a space is 
left between them, which is divided into two equal parts by the diaphragm 
before mentioned, the diaphragm being in light contact with the spherical 
case throughout its periphery, and at one point of each cone and its central 
cup ; and each independent space between the diaphragm and the cones 
will present the form of a double wedge, jointed at the base, at that part 
where the cones are furthest from the diaphragm. If the actuating fluid 
were introduced into one half of the space, it would tend to press the dia- 
phragm into the opposite one, and to make this power available, a piston is 
introduced of the form or section of the entire space, at right angles to the 
diaphragm, which piston oscillates from the centre of the axle, through the 
slot or opening in the diaphragm before mentioned, so as to slide over the 
sides of each cone as the space on either side of the piston increases or 
decreases. Further, the actuating fluid is conveyed through the axle and 
diaphragm by the pipe or channel before mentioned, and impinges imme- 
diately on the piston (except when used expansively) throughout the entire 
revolution of Uie piston, diaphragm, and axle, all of which move simul- 
taneously. Just before the piston passes the culminating line of contact of 
the diaphragm and cone, the exhausted fluid is liberated and passes through 
the slot-hole and second or exhaust passage of the diaphragm into a con- 
denser or otherwise, whereby one side of the piston is constantly exposed 
to pressure, and its opposite side to the vacuum or atmosphere. 

Fig. 1. is a longitudinal section of the machine, taken vertically, the 
piston being removed. Fig. 2. is a transverse vertical section, taken through 
the centre of the machine, the diaphragm and piston being removed. Fig. 3. 
is another longitudinal vertical section, showing the cones in plan, or as 
they would appear in the engine ; and the diaphragm and piston, in the 
situation they would be in after making a quarter of a revolution, fh)m the 
situation shown mfig, 1. Fig, 4. is a detached plan view of the diaphragm 
and section of axle and part of the piston. Figs, 5, 6, and 7. are partial 
views, showing the details of the piston, and its attachment to the axle and 
diaphragm. Fig. 8. is an end elevation of the engine. Fig, 9. is a front 
elevation of the same. The letters refer to the same parts in each figure. 
B is the main axle of the machine, and on it is firmly fixed the diaphragm 
and ball A ; and within the diaphragm, through the ball, and on the 
surface of the axle, are the steam passages a a, commencing at the slot ; C 
is the body of the piston, and is keyed into the small shaft N, passing 
through the centre of the axle and diaphragm, which small shaft is adjusted 
and mounted by means of screws at the ends, so as to permit a partial re- 
volution on its axis. This small shaft or pin conveys the pressure imme- 
diately from the piston to the axle B, and is extended as far as possible, to 
increase the base and insure steadiness of action. The piston consists of its 
body part C, which incloses a packing piece O, pressed up against the 
spherical case £, by a spring, and carrying on each of its sides a rounded 
part on which P, the side packing of the piston, swivels to adapt its rub- 
bing surface to the inclined planes of the cones DD, as shown mfig, 3., and 
these packings are kept tight by the same spring as that which elevates 
the packing O, this effect being consequent on the shape of the packing 
piece O. The tail-pieces shown at O* {fig. 6.) are the parts of the packing 
in contact with the cups of the cones ; pp are two pieces for packmg be- 
tween the bottom of the piston and the sides of a hole in the axle in which 
it oscillates. 

In fig. 5. the amount of liberty or space allowed for the oscillation of the 
piston is shown. The periphery of the diaphragm is rendered tight by 
two rings of metal LL {fig, 1.), formed wiUi an inclination on Uie sides 
which are in contact with the diaphragm, and vertical on the others, which 
are in contact with the channel in the spherical case E ; and these are 
pressed into contact with both surfaces 1^ a coiled spring, or other me- 
chanical means. M M are rollers moving with the diaphragm, to assist in 
steadying its motion and equilibrium, and are kept apart by distance pieces 
m^m^m^ which may be dispensed with, if desired. 

oo 3 
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The cosM tre lettered D, and the packing of 
alia of the copped cavil;, an ihown at K, tod are preued fbnrard aguost 
the dii^hragm br ipringa k, at other mechanical meana, 

E i* tbe iphencal case, constructed in thii in«tMce in two pieces, and 
joined together bj means of flangea, bolts, and nuts ; and has a channel cat 
oat for the peripherj of the diaphragm and its packing L to revolve in ; and 
also to eoDtain the roUen MM, as before mentioned, « is a part of this 
case, and contains the stuffing bniM B B, to prevent tbe escape of steam 
from aronnd the axle 

F F are the admiasion or exhanst chambers before mentioned, coatalned 
between the back of the cones D and the cose E ; and a pipe or passage//* 
proceed) from each of these to a common slide-valve G ; and when the 
action of tbe engine ii required to be reversed, the valve ii moved bj a 
handle, so as to direct the current enleriag frwn the pipe U to either aide 
of the pIitoD, and at the same time opens the opposite side of the piston to 




Fiji. 304. is a rotator; engine invented by Mr. Tule of Glugov, and 
he has had it in operation wurhiag imoothl; for some jears. It consists of 
a e;liader C, in which upon the axis A, revolves another eccentric cylin- 
der B, fitting tightljr by means of ^liing at the line of contacL D is a 
diaphragm, which slides verticallj in strong guides and rests upon the 
upper «de of the revolving piston B. Tbe steam is admitted by either of 
the pipes S' S*, according to the direction the engine is intended to revolve 
in, the slide valves at the lower end of the steam pipes being regulated 
accordingly. E is the edactioa pipe. In the figure the steam is represented 
M entering by tiie ileam-pipe S', the valve of which covers the eduction 

rand admits the steam to press upon the diaphragm D, and the piston 
Tbe steam ftvm the pipe S', is at the same lime ihnt off, and the 
eduction on that aide of die piston opened, and there being nothing to 
ooonterbalance the pressore of the eleam on the other aide of tbe piston, 
and the diaphragm being incapable of any lateral movement, tbe piston B 
is made to revolve in the direction of the eduction port. IT motion in the 
contrary direction be desired, it is only necessary to reverse the valvea. 

We have already referred in page 3. to the rotatory engine, contrived by 
Mr. Pilbrow, which consists of a wheel resembling a smaJl overshot water- 
wheel, against which steam is projected, as in Branca's en^ne. An engine 
of a umilar Idnd has lately been brought forward by Mr. Corde, but we 
have not been able to learn that it has met nith any success in practice. 
These engines operate by the impulsive action of the steam, and although 
steam in issuing from an orifice imparls a momentum to its jiarticles equi- 
valent to the mechanipnl effect realized by a pressure engme, yet the i«- 
covery of the power implies a velocity of rotation such as cannot be attuned 
in practice with convenience. Mr. Pilbrow seems to imagine that he 
realises some occult powers by this form of engine, and that by the use of 
a certain form of cavity he doobles the power ) bat no form of cavity can 
extract from the steam a greater power than there is in it, and the form of 
cavity cannot diminish tbe loss and inconveoience incidental to the great 
Telocity with which the machine requires to move. In spite of these 
defects, however, we think something will one day come of this principle ; 
and we therefore here set down some extracts frcm Mr. Pilbrow's patent. 



which will show the considerations by which he was swayed in the device to 
which we have referred : 

" The properties of steam have hitherto been considered of that peculiar 
nature as to render it impossible to obtain its full power and extreme duty 
' from expansion, except by osing it according to the present system ; that 
is, by letting it into a hot and close cylinder on a piston, and stopping its 
further entrance by catting it off, to allow it lo expand. Feeling, however, 
a strong conviction that tbe whole power was to be obtained by some more 
simple means than the present costly, complicated, and ponderous ma- 
chinery, and that a power so easily r^sed need not be so Uborionsly 
applied, I undertook a long series of experiments to discover bow thu 
might be done. I first commenced on the most simple form of engine 
known to us, that of Hero's, and ascertained the true causes of iu loss of 
power; and found, after many iaventions to obtainfromlhissimpleDischins 
the Aill power and duly from expansion, that, though I conld considerably 
increase ita power by a spiral form of arm, yet that I coold not obtain th« 
whole duty from expanaion ; and, couseqaently, that on engine on 'ti'T 
principle conld never be brought to compete with Mr. Watt's condennng 
eng^e. Tbe failure, however, of my plima to obtain these results, disdosra 

to me the remarkable &ct, that a current of steam in rapid motion that 

is, issuing ft-om an orifice — loses, ^ost entirely for practical purposes, 
that power from lateral expansion which it possesses when cat off and 
allowed to expand in a cylinder. When I bad confirmed this pheno- 
menon by other experiments, I was satisfied that steam possessed an im- 
pulsive power of the utmost efficiency, entirely different from what had 
ever been supposed ; for, its fuilexpansiveforceoot being given ont laterally, 
mast have gone somewhere % and, as il conld only expand in the line of ita 
iaaae, I became acquainted with (his new and singular property of ateam, 
that it possessed, in its mere velocity alone, a propulsive force iioBi its lineal 
expansibility equal in power and duty to the gross effect obtained when cut 
off and allowed to expand under the best circumstances. I had next to 
transmit this new principle of steam power to machinery, with the least 
possible loss from friction and other dedocliona, by some engine as simple as 
tbe principle ; and this I supplied as hereinafter described. Having found, 
however, that there is as great a difference in the dnty of steam, by the 
peculiar manner in which it is applied by its velocity, as ii found in effect 
m the application of water, I sh^l first describe a few experiments, being 
some of those which led to my invention, to show tbe accuracy required. 
The operation of Barker's mill, and of Hero's emission engine, is well 
known ; and chough there is no resemblance between their moving poweta 
— the one acting by gravity, the other by repulsion — there seems to be a 
strict analogy between their results, proportioned to the power and velocity 
of each ; ao that, whether water or steam be used in the following expe- 
riments, the modes of action being similar, tbe operation and direction of 
the arm will be tbe same: and itwiU be seen hereafter, that I obtain, 
by my application of the velocity of ateam, tbe same duty therefrom as ia 
obtained by the best overshot water-wheel — namely, a clear available 
eSect of about two-tbirds atleostof the irhole power of the steam employed ; 
that is, two-thirds of its power and of its extreme duty from expansion ; 
the steam being expanded, in my application of it, ao low as the itmospber* 
in high-prelture engines, and to ^e vapour-point, or state of condenser 
vacuum, in condenamg engines ; degrees of ottenuatioa which cannot be 
obtained by tbe present system, on account of the piston. 

" When arms on Hero's principle are used in tbe usual way, the arms will 
revolve by unbalanced pressure ; but when a fiac plate is attached imme- 
diately befiire tbe orifice, the ateam will impinge thereon, and, being brokes 
up, will change its course as therein represented, and the arm will become 
stationary, showing that the force of impingement eqnala that of unbalanced 
pressure. If, however, a cavity be fixed, mslead of the plate, opposite the 
orifice, at inch an angle that tbe injet of steam can be relumed by its re- 
action clear of the arm, without impinging thereon, the arm will revolve 
in the contrary direction to (bet of the previous unbalanced pressure, with 
more power than that with which it revolved the contrary way previona 
to tbe cavity being fixed thereon -, provingtbal tbe cavity not only received 
tbe same amount of impingement as the Sat plate received (which was shown 
to be at least equal to the unbalanced pressure), but by this pecaliar iqjet 
and reaction or reissue of tbe steam, ita mMe vtlocilj/ was airaUd, and the 
cavity thus acquired another power of equal amount, sufficient to overcome 
the eftiect of unbalanced pressure only. But if tbe steam, on its reisane or 
reaction from (he cavity, ia permitted to impinge at all against the aim, the 
arm will then only revolve m the opposite direction, with power diminished 
in proportion to the amount of such mipingement ; and if all the steam on 
its reissue or reaction fhim the cavity is allowed, by altering the angle of 
tbe cavity, to strike fully against the arm, the arm will thai remain stationary 
as when the flat plate was used. 

"When I had discovered how tbie double power was to be obtained bj 
arresting and tranaferring the whole velocity of Che ateam by anch peculiar 
iqjet, and its clear reaction or reissue, and how ita full effect might be im- 
paired or wholly neutralised, as Just described, I found myself possessed of 
anew method of applying the power of steam by ita velocity alone ; and 
Ihia became the germ or principleof my improvements in the steam en^ne ; 
fbr, to carry it out, I had onlyto invent soch machineir as would give ma 
thia double power in the same direction of motion, without deduction fyp 
the unbalanced pressure in tbe experimental arm, to counteract the frill 
effect of the whole fbrce of the -velocity, and also without lota of poirer 



/ 



Varieties of the Steam Engine. 



189 



from another source — that of my bac^-action or impingement of steam 
against the hacks of the cavity next in succession. The following, there- 
fore, is a description of the engine or apparatus by which I propose to 
effect these objects : — 

** It is a section of a case, with awheel fitting within, about half an inch all 
roond, and revolving withm the case. This case, for a high*pressure en- 
gine, may be made of cast or sheet-iron, of suitable thickness to resist the 
pressure of the atmosphere caused by a partial vacuum from the rapid 
action of the steam wheel. The whole of the inside should be made per- 
fectly smooth, to preyent friction of the used steam when it re-issues from 
the cavities. For a condensing engine the case must be made strong 
enough to resist the atmospheric pressure. At those parts where the jets 
of steam are admitted, several cavities arc made with or attached to the 
inside circumference of the case, for the purpose of receiving the used 
steam, and returning the same into the cavities of the steam wheel ; and 
where a double row of cavities are used round the steam wheel, the rows 
of cavities in the case must be reversed accordingly)^. These cavities in 
the case must be placed in such a position to the cavities of the steam wheel 
that, on the used steam issuing therefrom and rushing into the cavities of 
the case, it may be returned therefrom into the cavities on the steam wheel 
at the same angle as that at which the steam first issued from the jet-pipes, 
and the used steam will then, as the wheel revolves, be thrown out at the 
eduction passage. 

** The periphery of the steam wheel is formed by a series of cavities all 
round of the same dimensions, for the reception of one or more jets of 
steam. The size of the cavities in the wheel is three quarters of an inch 
deep, by one and a half long, and half an inch wide." 

The method adopted to determine the best velocity is this : The velocity 
with which steam at 60lbs. pressure above the atmosphere rushes through 
an orifice is known experimentally to be about 104,490 feet per minute. 
The difference between this and the velocity of the periphery of the 
wheel gives the velocity of impact of the steam on the cavities of the 
steam wheel, and the power or pressure exerted on the wheel, being pro- 
portional to the square of the velocity of impact, the power of the engine 
can be calculated for various velocities of the wheel Mr. Pilbrow has 
done this, and finds that "the greatest results are obtained when the wheel 
n^olves at precisely one third of the velocity of the steam, or 34,830 feet 
per minute." 

We have now given sufficiently copious extracts from Mr. Pilbrow*s 
specification to explain the principal features of his new engine. In 
practice Mr. Pilbrow has not been able to make his engine succeed, and 
we do not believe that, by the plan proposed, he will be able to make a 
good, durable, and economical engine. He has not yet, at least, proyed 
that his engine will realise nearly the power he anticipates from it To 
make a few experiments on the rorce of impact of a jet of steam on sur- 
ftces at rest, and from that to theorise on the mechanical effect of steam 
rushing into and rebounding firom cavities in rapid motion ; — to calculate 
the yelocity of impact on one surface, and of rebound from another, as if it 
were a solid and perfectly elastic body, whose laws of motion are exactly 
known, is a method of proceeding that can only lead to error, or at least 
can never bring us with certainty to the truth. We agree with Mr. 
Pilbrow, that the whole power of the steam is expended in giving yelocity 
to its own particles, and, theoretically speaking, the same power ought to 
be extractible from them. In Mr. Pilbrow's engine, however, we have 
seen that the periphery of the wheel is to move with one third of the 
Telocity of the steam, leaving only two thirds of the velocity to produce 
mechanical power. Now, Mr. PUbrow himself says, that the mechanical 
power produced is proportional to the square of the velocity of impact, and 
the square of I is J, or scarcely one-half. So that here is fully one- 
half of the whole mechanical effect dissipated at once: but this is not all; 
for when the steam strikes the periphery of the wheel, with two-thirds of 
Its actual yelocity, it must, by the laws of elastic bodies, rebound with the 
same yelocity from the wheel; that is, it will rebound with an actual 
yelocity of one-third, while the wheel moves in the opposite direction with 
an equal velocity. There is, therdbre, this yelocity of one-third of its 
original velocity still remaining in the steam, and unextracted after impact 
One-third of the velocity corresponds to one-ninth of the mechanical effect 
This, therefore, is also lost We believe, indeed, Uiat in the later modifi- 
cations of the plan, it has been Mr. Pilbrow's object to have the steam re- 
flected from the wheel, at a velocity equal to that of the wheel's rotation, so 
that it will, in effect, be brought to a state of rest ; and professor Mosely has 
made a number of calculations to show that there is no loss of power if 
this condition be fulfilled. But the condition implies that the particles of 
■team are perfectly elastic, which is uncertain, and involves the necessity 
of the wheel moving with half the speed of the effluent steam, which is 
impossible in practice. A velocity of one-third of that of the steam, viz. 
34,830 feet per minute, at the periphery is 3,1 66 revolutions per minute, — a 
Telocity sufficient to make the engine fly to pieces. Mr. Pilbrow himself 
oonld not avoid seeing this objection, and accordingly he has attempted to 
prescribe a remedy. He proposes to make the wheel go slower, by which 
means the steam will rebound from its periphery with a correspondingly 
greater Telocity, and is to be made to impinge on a cavity in the case 
similar to those in the wheel From this it will again rebound, and strike 
the wheelf and again be retnmed to another cavity in the case, and thence 



{ once more impinge on the wheel These alternate saltations fh>m the 
wheel to the case, and from the case to the wheel, are to be continued till 
the velocity of the steam has been entirely expended in imparting power 
to the wheel We believe few persons will be able to refrain from a smile, 
iwhen they contemplate the steam performing these fantastic gyrations. 
We suspect that it will be more apt to take one long jump to the exhausting 
port, and make its way off the stage as quickly as possible, instead of stop- 
ping to complete so many ingenious evolutions. It is but justice to Mr. 
Pilbrow to say, that he is very doubtful of the success of this part of his 
plan. His having ventured to propose it at all is a strong proof to us that 
he felt very strongly the force of our objection to the enormous velocity 
proposed to be given to his steam wheel 

Such, then, is a slender specimen of the rotatory engines which have at 
yarious times been projected for the supercession of the cylinder engine : 
many of them display much ingenuity, and, indeed, on no single subject 
perhaps has so much ingenuity been expended : nevertheless, up to the 
present time, no rotatory engine has been contrived which can be esteemed 
preferable to the common engine. We have already expressed our con- 
viction that this will not be idways so ; but we believe an efficient rotatory 
engine must be sought rather among dynamical than statical resources. 
Pilbrow*s engine, though it has weighty faults, is a movement in the right 
direction, and an engine on the impulse principle permits the benefit due to 
expansive action to be realised. From engines of the ^lopile class a 
beneficial result is hardly to be expected, at least if made in the ordinary 
method ; for by such engines there must be a loss of effect if the steam 
leaves the revolving arm with a greater velocity than that with which the 
arm moves, and this, unless by a combination of ^lopilcs, it must do at all 
ordinary pressures and speeds. 



AMERICAN ENGINES. 

The engines made in America are for the most part of a very rude and 
primitive description ; yet the performance of the American steam vessels 
is such as to make them fuUy a match in point of speed to the best steam 
vessels of English construction. Their efficient performance is partly 
perhaps due to the high pressure of steam employed, and partly to the 
peculiarities of American river navigation, which are such as to enable a 
large sized vessel to subsist with a very moderate draft of water. On the 
Mississippi and its tributaries most of the engines employed are of the high 
pressure kind : a hundred pounds upon the square inch is esteemed a 
moderate pressure, and sometimes the pressure is raised as high as a hun- 
dred and fifty pounds on the inch. The engines employed in the vessels 
on the Hudson are for the most part condensing engines. Some of them 
have horizontal or inclined cylinders ; in other cases the cylinder is phiced 
above the shaft, with side-rods extending from the ends of a cprlinder cross- 
head to cranks on the shaft beneath; while in a third variety a beam is 
employed as in the ordinary land rotative engine. Sometimes two engines 
are employed ; but very often only one, the crank being carried over the 
centre by the momentum of the vessel. A few sets of engines for steam 
vessels have been made in America after English examples, and some of 
these specimens, which have come under our ol^rvation, are highly credit- 
able performances ; but most of the engines made in the country are of the 
quality and complexion of that of the North America. We subjoin a view 
of the machinery of that vessel ; and we may here set down a few of Uie 
chief dimensions: — Diameter of cylinder, 43 inches; length of stroke, 11 
ft.; length of keel, 200 ft ; breadth of beam, 25 ft; diameter of paddle 
wheel, 27 ft ; length of float, 10 ft ; dip of float, 27 in. ; pressure of steam, 
50 lbs. 

The framing of this engine is of timber: the working beam consists of a 
cast-iron skeleton frame trussed with wrought iron ; and the crank and 
connecting-rod are both trussed with malleable iron rods. The beam is 
very short in proportion to the length of the stroke, and the place of the 
parallel motion is supplied by guides, the piston-rod being coupled to the 
beam by a long link, to enable the guides to operate efficiently. The 
several pieces composing the wooden framework which supports the crank 
shaft are keyed together with wooden keys, and bound with iron knees and 
plates of iron, to make the whole stiff and firm. The valves are double 
spindle valves, so that they are kept in equilibrium : this valve has the 
disadvantage that the valve-spindle expands more than the valve-casing, 
both from its higher temperature and the greater expansibility of the 
metal Such valves, therefore, though tight when cold, will not be tight 
when hot The cut off or expansion valve consists of a disc turning on a 
centre, like the throttle yalve, and set in the steam-pipe, which it ex- 
actly fills when closed : in the rest of the engine there is little that is pecu- 
liar. The trussed beam might, it appears to us, be adopted with advantage 
in all large beam engines in this country, as it is not merely lighter than 
the cast-iron beams commonly used, but stronger and more safe. The 
trussing of the crank and connecting-rod we look upon as superfluous; and 
it must be difficult when they are trussed to keep those parts clean. 

In many of the American steamers the engines and boilers are placed 
upon the deck, and beneath the deck a saloon extends the whole length of 
the vessel, for the accommodation of passengers. Most of these ssJoons 
are magnificently fitted up: many of them are upwards of 150ft long, 20 ft 
wide, and 12 ft high; and the accommodations are in every respect most 
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wmplete and commodioni. The piddle- vlieeli are gmetall; entirel; con' 
ttrucwd of wood, with Ibe exception of the c«Dtre>, to which the >rmi are 
bolted, and which are of cast-iroo. The nsual number of itrokea per 
minute, with >d 1 1 ft. itroke, i» from SS to !7, so that the piston travels at 
B sreat velocity. In the veueU od Che Hiuiuippi the paddle* are made 
wiui a dutch or friction-Btrap, n that they may be thrown om of gear, and 
Ibe engines may be turned so ai to feed the boilen when the veuel i* 
alongiide a wharf, without moving Ibe paddle-wheeli. The ileam leaaeli 
plying on the MiMitsippi are chiefly built at Pillsborg and Cineinnati: 
these Tesseli are much inferior to thoM plying from New York to Albany, 
and to Providence; and they are mannged m the most recklera manner, 
Mr. Stevenaon, speaking of one of these vessels, lays. "She was steered 
close in-shore amongst stones and stomps of trees, where she lay for some 
luHin to take in goods: the additional weight increased her draught of 
water, and caused her to heel a ^ood deal ; and when her engines were put 
in motion, she actually crauM rato deep water on her paddle-wheels : the 
steam hsd been got up to an enormous pressure, to enable her to get oB, 
and the volimie of steam discharged fVom the escapement-pipe at every 
half stroke of the piston made a sharp sound, almost like the discharge of 
fire-arms, while every limber in the vessel seemed to tremble." The 
nnmeroos explosions of boilers on the Missiuippi cannot excite astonish- 
ment amid snch provocalioot as that here narmled. The boilers are not 
calculated to witlutand any very high pressure, even when new. Uf the 
best fbrm of American boiler we have given an example in page 56 ; tnch 
a boiler would not be conudered safe in this country with a greater pres- 
•ore than 10 or IS lb*, on the inch. 



The whole of the engines we have jret described at any length are con- 
denung engines — the steam, after having urged the piston to the end of its 
travel, escaping into the condenser, where, by the abstraction of heat, it is 
reduced again id the form of water. The locomotive engine, however, it 
not of the condensing, but of the high pressure kind, the steam escaping, 
■Aer having given motion to the pistim, into the atmosphere. We have 
already explained that there is a loss of effect Incidental to the nse of the 
high pressure engine, but it wonld be most inconvenient to carry the large 
quantity of water a locomotive wonld require for coadensatioo, and the 
rush of waste steam acts beneflclallj by blowing the fire; so that in this 
case to obviate the loss of effect incidental to the omission of condensation 
would involve the introdnction of greater evils. 

The locomotive engine of Messrs. Bury, Curtit, and Kennedy is a very 
complete and elegant piece of mechaniimi and we may here give an ex- 
planation of the several parts of the merchandise engine of these eminent 
makers, which is represented in detail in Plate S3. Fig. 1. is a sectional 
elevation;/;. 2. is a sectional plan, xi being the principal line of section 
on which ^. 1. is shown i j!^. 3. is a transverse section throagh the smoke- 
box. The same letters of reference are used throaghont all the figures ; 
and to render them more explicit, several parts are shown which do not 
properlj come into view on the lines of section. A is the fire-box : it is 
made of wrought iron jof an inch thick, except the tube-plate, which is 
half an inch thick. The joints are welded wherever they are in contact 
with the burning fliel, as a rivelled Joint, from its presenting a double 
thickness of metal, will not long resist the intense heat to which it is ex- 
poaed. The fire-box is of a cylindrical form, with its back flattened to 
receive the ends of the lubes : the top is hemispherical, surmoanled by a 
mall dome, into which the upper end of Ihe steam-pipe is carried, to ob- 
viate priming. B are the fire-tnbes, of which there ore 96, S in. diameter, 
and 9 ft. long. It will be seen, from the transverse section. Chat the tubes 
are so dispowd as to concentrate the heat towards their centre, with the 
view of making a cnrrenc from the outside of the tubes, where the water 
is colder, towards the bottom of the tubes, whence it will rise when healed 
Dp among the tubes. Portly for this reason, and also to prevent the tubes 
team being uncovered bj the centrifugal recession of the water when the 
engine is travelling upon sharp corves, the upper row of tubes follows a 
drealar sweep, the highest point being in the centre of the engine. 

C. Is the smoke-box. D. The regulator. E. The steem-pipe, 3] inches 
diameter, F. The safMy-valve and spring pressure-gauge, S[ inches 
diameter. G. The locked-np safety-valve, 2^ inches diameter. H, The 
damper. L The bnffer-bar. J. The steam-whistle. L. The steam-cvlinders, 
13 inches diameter, IB inches stroke. M. The force-pomps, plunger 3 
inches diameter, 18 inches stroke. N. The cranked ude ; the journals 
are 5 inches diameter, and T inches long : the bearing of each crank is 
91 inches diameter and 3) inches long. O. The connecting-rods, oval- 
sfiaped, a inches by 2). P. The axle of the fltinC wheels, 4] inches dia- 
meCer. Q. The springs. The Springs for the cranked axle are composed 
of 16 plates, together -1) inches deep at the centre; those for the front axle 
are composed of 10 plates, together 3 j inches deep at the centre, an. are the 
steam-pislons of gun-melal : the packing consists of two rings of cast- 
iron segments, forced outwards by brass wedges and steel springs. The 
jMton-rodt an a inches diameter, b b. are the inlet passages for the steam, 
U K 61 inches, c. The outlet passages for the steam, 1 j x 6J inches, rf. 
Awslide valve*. <r. The slide-valve rods, 1 inch diameter, c The pen- 



dnlom-rodsforcarryiagtheendsoftheeceentrierods,^. The shaft to which 
the eccentric levers are fixed, g. The shaft connecting the motion of the 
lever K and the rod i, to the shaft. A. The goides for the pislon-roda, 
1. Steadying pieces for the gnides. j. Shaft carrying the steadying pieces 
k I. The rods tbr moving the slide-valves, k f. The leven ot the hand- 
gear. R. The shaft carrying Ihe valve trappings. ■. The lever fbr 
working the valves. ■'. The lever worked by the eccentric*, p. The 
eccentric* for the retrognule motion. 9. The eccentrics for the advancing 
motion, r. The pipes (2 inches diameter) connecting the force-pumps 
with the tender, i. The cock for letting the water onl of the boilers. 
(. The rods (Ij inch diameter) for coupling together the th)nt wheels and 
the driving-wheels, v is a lead plug, placed at the culminant point of the 
dome-shaped top, and which will melt before any other part of the fire-box 
is left dry. 

The framing of this engine is that which has been so long nsed bj 
Messrs. Bury, and which is known as the inside ftnming. Mr. Bury claim* 
for the inside framing a great superiority over the outside, on the ground 
that it forms a stronger connection between the cylinder, crank axle, and 
other moving parts, and bears all strains and concussions without throwing 
any of them upon the boiler. The following it Mr. Burj's comparison b» 
tween the inside and outside fVamiiigi: — 

** The advantages of Ihe inside bmring are best described by comparing 
it with the ordinary outside framing when submitted to thi' principal stttin* 
irhich it has to resist The most important is that caus«l by the whole 
power of the engine acting as a direct strain upon the crank as it poiae* 
over either centre. With the inside framing, the centre line of the con- 
necting rod is only 10 inches distant fVom the centre line of the friune, 
and the total distance between the bearing* is 43^ inches ; but when the 
ftaming is outside the wheels, these dimensions are necessarily 20 inches 
and 73 inches respectively, and the effect of the strain upon the crank ia 
this case would be to its effect with the inside framing as 14 is to 8. For 
this reason, when the principal fr^me is placed outside the wheels, it be- 
comes necessary to have an additional Inside learning, to prevent the fac- 
tion of Ihe axle ; these additional inside frames not only cause an increase 
of friction on the bearings of Che cranked axle, but also throw a consider- 
able strain on the boiler, which then becomes the medium of connection be- 
tween the inside and outside frames, the inside frames being fixed at one 
end to the bottom of the smoke-box, and at the other end to the fire-box i 
while the principal frame la attached by long brackets to the body of the 
boiler. The fact that Ihe use of fbnr additional inside frames occasions six 
bearings on the axle (that axle being only G feel long), renders the system 
of principal outside framings so objectionable, that that circumstance alone 
should suffice to cause their rejection ; fbr it is well known to practical men 
that it is impossible to key so man^ bearings perfectly true, and to maintain 
them so, when the engine is working ; and even if this precision were at- 
tained, the aggregate ftictlon on the four inside and the two onCtide hear- 
ing* would be much greater than when it is all thrown upon two bearingsj 
because, in the first place, all the ftiction due to the weight of the boiler is 
borne by the two onlside bearings alone, and that which results from the 
pressure of the steam, through the mediom of the connecting-rod, is thrown 
upon Ihe (bur inside bearings : the pressure upon the outside bearings it 
vertical, and the mean pressure npon the inside bearings is nearly honion- 
taL So that if, instead of acting separately, these Iwo amounts i^ pressors 
were thrown on the same bearings, the friction would only be due to Ihe 
reaullant of the pressures, and would consequently be moch reduced. The 
friction on the cranked axle, havbg only two hearing*, u, where a KUgle 
inside frame ia used, will be, under ordinary circumstances, that due to the 
resultant of the vertical and horizontal pressures, or, 

y 12646' t 3000* 13,000 lbs. 
1 -— g — -163Slb*. 

In addition to the fHction resulting from these forces, there is a coniider- 
able pressnre on the bearings, arising from the lightness of the brastet t 

and it is evident that the friction arising from this cause will be three times 
greater with six than with two bearings. Another important feature ia the 
strain towhich locomotive engines are liable, tram the pressing or striking 
of the flanges of the wlieels ogainsi the rail when travelling in a curve. In 
engines with the bearing inside the'whrels, the weight of the boiler has a 
tendency to bend the ule down in Ihe centre ; while the pressure of the 
flange against the rail acts upon it in a contrary direction, and thus one 
strain counteracts the effect of the other. If the bearing is outside the 
wheel, the weight of ihe boiler lends to bend the axle upwuds, and a strain 
npon Ihe flange of the wheel acts in the same direction, and in addition 

The poution of the bearings inside the wheels is of great practical ad- 
vantage in case of the fracture of the cranked axle, a* the weight on the 
bearings presses the flange of the wheel against the rail, and assists the 
length of the Journal in keeping il from being thrown off the rail Instance* 
have occurred on the London and Birmingham Itailway, when an axle hai 
broken, that noc only have the wheels remained on the rails, but Ihe driver 
has been enabled to proceed with Ihe train 10 the nearest stadoa. The 
stiffness of the single inside framing is not only a remedy against the ex- 
cessive wear and tear which is consequent on a less perfect union between 
the parts of the engine, but its simplicity allows the whole machinery 10 be 
arranged io a more compact form, and constructed with greater soUdity. 
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The best proof of the sonndneM of the do6trine« here pat fbrth U the fact 
tliat inside fhnnings have now become nearly universal, Mr. Bury prefers 
ibur- wheeled to six-wheeled engines, and adduces many weighty reasons in 
justification of the preference: the circumstances of the case, however, may 
be altered by the exigencies arising out of the demand for a higher rate of 
'Speed; for engines of the power requisite to maintain that speed may be too 
heavy for the rails of existing lines, unless supported by a greater number 
of wheels: but in such a case it appears better to change the plan of engine 
jtltogether, to the end that the four wheels may be stUl retained* 

The locomotive engine of Messrs. R. Stephenson and Ca, represented 
in Plate 24., differs in many respects from that of Messrs. Bury and Co. It 
is furnished with six wheeU, and the two middle wheels, which are coupled 
to the wheels behind them, are divested of their flanges, so that the engine 
may be better able to adapt itself to curves. The fire-box is square, and 
the water space between it and the outside shell is securely stayed, by 
means of bolts tapped into the plates, and rivetted over at the ends. The 
plate we have given will readily be understood by the aid of the following 
references: — 

A A is the steam dome. A' is the fire-box, which is square, with a flat 
top, according to Messrs. Stephenson's usual practice. A" is the foot-plate, 
for the engineer to stand upon when working the engine. BB is the smoke- 
box. B' is the chimney, which is broken to save roouL C is the boiler. £ 
is the blast pipe. GG are the cylinders. H is the piston. K is the crank axle. 
I is the eccentric rod for reversing one engine, and V is the eccentric rod 
for reversing the other. M, N, are the jaws of the eccentric gab. O is 
the eccentric gab. Q is the starting and reversing lever. Q' is the fulcrum 
of the lever. S is a wide-mouthed pipe, carried up into the steam dome, to 
obviate priming. S' is the chest in which is placed the stop- valve or re- 
gulator. S'' is the steam pipe carried through ihe boiler, and S"' is the short 
vertical steam pipe passing through the smoke-box to the cylinders. T is 
a cross stay between the piston guides, which serves as a guide for the 
valve spindJes. U is the cock upon the feed-pipe where it enters the boiler. 
Y Y is the framing, a a are the water spaces round the fire-box, strength- 
ened with stays, a' a' is the fire-grate, a" a" are the fire-tubes, dd^re two 
safety-valves placed upon the steam dome, and loaded by spring balances. 
<f is the whistle, e is the eduction port g is the crank of one engine, and 
g' that of the other. A A is the piston rod. A' is the connecting rod. A" A'' 
are the guide blocks of piston cross-head, t is the eccentric rod of one 
engine for going ahead, and t' that of the other engine. // are the links 
connecting the drawing and the hind wheels, m, n, are the jaws of the ec- 
centric gab for advancing, p is the feed-pump of which p* is the plunger, 
■worked by p", the pump rod, which is attached to a lug on the eccentric 
hoop, qq'isa, long link, connecting the starting handle with lever ^, fixed 
<m the shaft x, on which is also fixed another lever ^, and connected with 
ihe link q" to the end of one of the eccentric rods. The ends of the ex- 



centric rods of each engine are connected permanently by a short link, and, 
have each a pin at their extremities fitting into the gabs, which are in this 
case fastened upon the valve rod. r is the regulator handle fixed upon the 
spindle which passes through a collar into the steam pipe c', and is then 
attached to the regulator r'. ss is the valve chest, in which the valves of 
the two cylinders are placed back to back, f is the slide valve, f is the 
valve spindle. ^' is the prolongation of the valve spindle through the front 
end of the cylinder, and also through the cross guide T. u' is the suction, 
pipe, leading from the tender to the feed-pump, u" u" are the force-pipe 
and valve-chest of feed-pump, v^" u" is the feed-pipe leading from the 
valve chest to the boiler, x is the shaft of reversing levers, yy are tho 
axle bearings, z 2 is the smoke box door. 

In this engine, it will be remarked, the boiler tubes are very lonf, which 
necessarily makes the engine long, and several inconveniences arise from 
the elongation. The hot air proceeding to the chimney experiences a 
greater resistance in passing through the longer tubes, which makes a 
greater intensity of draught necessary, and this in its turn involves a greater 
contraction of the blast pipe, whereby power is lost equivalent in amount 
perhaps to the steam gained by the extension of the tube surface. As the 
engine too is poised as it were upon the central driving wheels, it is subject 
to violent pitching and oscillatory movements should Uie driving wheels be 
screwed too tightly down upon the ndl, and this there is a perpetual 
temptation on the part of the engine driver to do if the rails are wet or 
greasy. In most locomotive engines the bearings of Uie driving axle are 
too short, in consequence of which they si>eedily wear ; and the engine will 
be subject to dangerous oscillations if there be much side play in the bear* 
ings of the axles. This would be effectually obviated by making the bear- 
ings spheroidal, and the next best alternative is to make them long and 
with very large fillets in the comers. We look upon it, however, as quite 
impossible that the present construction of locomotive engines can last very 
long, as it is full defects notwithstanding all the ingenuity expended upon 
it. The area of fire grate is much too small, the tubes are too long, and 
as a consequence of these defects the blast is in general too much contracted. 
The mass of matter partaking of the reciprocating motion of the piston is 
also too large: it would be better that the motion were communicated to the 
driving axle by means of two inverted oscillating engines set at an angle of 45 
with one another and attaching themselves to a single crank in the middle 
of the driving axle: but in this case a provision would have to be made 
of such a nature that the movements of the engine would not affect the 
action of the springs, for the engine would otherwise work the springs up 
and down at every stroke. In cases where outside cylinders are employed, 
which, instead of attaching themselves to the crank axle, connect to pins in 
the driving wheels, the cylinders must be carefully felted to retain the heat» 
and they may then be covered with oil-cloth, which may also be employed 
to cover the wooden casing of the boiler with advantage. 
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CHAPTEK X 



VARIETIES OF PARTS OF THE STEAM ENGINK 



Wb believe tbe varietr that ap^sn in the subjtHDed coIlectioD of pUtoo* 
vill excite unne remark. Hod it been our object to present as extensiTe 
■ calaiogiie as posaible, we ibontd have added to the number i or had 
lie intended In make merelj a aeleclioii of the most approved, ve might 
greatly have retrcDched it. By presenliag a someirhat heterogeneous and 
nnulected eDumeralioa of the principal varielies, just as ihej have oc- 
cnrred to ni in practice, and noting their reapectire charaeteriilicg, whelher 
merits or defecli, ve maj, perhaps, make our account more ioslructive than 
if we were to give either a more methodical description or more restricted 
catalogue. 

A. consideration of the annexed sketches leada lu to rank metallic packed 
piatons und'^r two divisions (which, if not perfectly distinct, are sufficiestly 
ao for the pnrposes of classification), to one or other of which each may be 
feferred; those in which tbe expansive force of the rings alone ia used, and 
those in which it is either assisted or entirely supereeded by springs. The 
fonner kind, by far the simplest and most obvious, teems to be of much the 
more recent adoption ; and just adds one to the many instances which the 
history of engineering presents, of the ibortesl road being (he last to be 
taken. Of this speciea ve may reckon three varieties; first, those in which 
hemp packing requires to be compressed into the space between the ring* 
■nd the piston, to aid the elasticity of the former; this is commonly the 
case in pumping engines, wbere hitherto the more complicated and ex- 
pensive descriptions of packing bave not been generally adopted. 

fig. 206. represents a piston of this variety, at work in a pum ping-engine 
in Perthshire, manufactured by the Messrs. Maxton, of Leith ; the oblique 
cnt in the ring being designed to prevent the sharp edges of the break from 
gnMriDgthecylind^. In this description of piston, two rings are generally 

Fig. 306. 
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employed, one above the other, with the breaks about 90° apart, lo prevent 
the iteani escaping at (be Joint. This is the simplest kind of metallic 
packing, but when properly fitted up, it possesses nearly all the advantages 
of the more complicated descriptions ; tbe only disadvantage being the ne- 
ceaaity of occaaioul acUnsunent, when the internal hemp gasket loses its 



elasticity, the f^nency of which depends npon tbe accuracy with which 
the end joinings of the external rings are contrived lo prevent the inlet of 
steam into the hemp, and also in some degree upon iho temperature and 
pressure of the steam iCaelf, Another form consists of a single ring with a 
tongue joint, as shown in the figure. 

Closely allied to the above is what we may term the second variety of 
this species, an external packing ring like the former, but Ideriving it* 
tightness from its own elasticity, and, of course, not dependent on the 
hempen packing behind. Tbe simplest and perhaps the most common me- 
thod of giving the requisite spring is to lum the packing rings a little larger 
(ban the diameter of the cylinder, and when sawn through to cut a tenon 
and mortice, or a half check in the abotting eDds,and then to compress the 
ring by an iron hoop with screws, and to fix it trmporarily ^ ith a pin put 
through the overlapping or morticed ends ; in ibis slate the rings are 
ground on tbe surface joints, and the piston made ready for its place; when, 
the hoop being unscrewed and the lemporarv pin withdrawn, the rings are 
suffered to expand in the cylinder by tbeir own elasiieity, which will gene- 
rally continue lo act lill the rings and the cylinder are so much worn as 10 
permit the rings to expand to their natumi extent. 

Sometimes the abutting ends are left plain, in which case a piece ia 
merely cut off one end, lo allow the ring to be compressed lo a lesser dia- 
meter. Great diversity of opinion exists as to llie merit of this species of 
packing ; that il is a decided improvement npon the former is unquestion- 
able, but il is alleged, thai in accuracy of form, and facility of application 
to tbe cylinder, it is greatly inferior to the ordinary more complex va- 
rieties, with a number of segments and artificial springs to each. It is said, 
in the first place, that Ic lends Co wear the cylinder off the truth, and no 
small degree of ingenuity has been put in requisition to remedy the evil ; 
with what degree of success we may here briefly consider. Appeal to ex- 
perience might aeem the shortest way of settling ihe question, as many 
pistons both of tbe simple and Ihe amended construction are in use. but in 
this, as in many other cases, recorded experience only serves lo prevent 
any conclusion whatever, or rather tends equally to two contradictory 

Let us then investigate the action of the simplest form. The ring, when 
first compressed, does not naturally assume the circular form, as by the 
two ends being brougbl together the tendency lo expand to its original di- 
mensions is mainly checked in only one direction. When confined in the 
cylinder, however, it will be seen at once that it is compressed equally in 
alt directions, and must therefore exert a corresponding force equally m 
every direction, to recover its original dimensions. This appears so plain, 
as scarcely to be susceptible of illustration. Suppose, for insunce, the ori- 
ginal diameter of Ihe ring to be 18jin., and to be compressed into an 18 
m. cylinder, it will at once be seen that every diameter of the ring being 
compressed equally has an equal tendency, and must exert an equal force. 
lo regain its oripnal dimensions. 

Instead of an exterior compressing cylinder to confine the ring, wc may, 
to assisi Ihe true conception of the case, suppose the various diameteia to 
be replaced by so many buwelrings, each of which plainly exerts an equal 
strain in confining its respective semicircumference, and thus the amount 
of pressure exerted around ihe entire circumference must every where be 
equal. We are tokl that this has been denied, and the reverse maintained 
by some judicious practical men, but chiefly, we believe, if not entirely, on 
theoretical grounds : and even though recorded experience be appealed to 
in support of their views, il cannot neutralise Ihe opposing testimony, that 
in some cases Ihe cylinder has been found lo have worn perfectly true. 

The variety and ingenuity, and we might add, complexity of ihe various 
contrivances adopted, to correct this supposed defect in this description of 
packing, and the alleged snccesa by which they bave been attended, must 
be our apology for dwelling on the snlyect. But although Ihe apprehended 
evil did exist in its ftiU amount, and the rings really had agreiter tendency 
to expand in the direction perpendicular to the diameter passing throngh 
the break, we do not see what bad efleel would ensue ; tbe cylinder would 
be worn almost imperceptibly oval, dll at length the inequality of pressorc 
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in the ring would be eztetly conntertalanced by corresponding elliptlcitj 
in the Cfliadcr ; mi not only to. bnt the next ringi th&t happened to be 
pot in would St with u great trnth n the moct hair-breadth Bjatem of 
compeiisBtion could pouibly effect, since the alleged unequal expangion of 
the ring wonld then correBpond exactly with the shape to which the cylin- 
der haa by that time worn. 

It is abundantly obvious, bowcTer, that the effect npon the cylinder of 
the nnequal expansion might be altogether neutralised (were it ascertained 
to hare any proper exigence), by using two lingi instead of one, the po- 
ailion of the joints being 90° apart. It is not uncommon to hare the rings 
placed with the joints on opposite sides of the cylinder, or 1B0° apart : an 
arrangement only useAil to prerenl the passage of the iteam through the 
■ingle break (an ol^ject which might be easier attained in another way), 
and incapable of exerting a correcting influence on the above-named iu- 
eqaality. 

Under the tMrd modification of this description of packing, we class 
pistons in which each riog is still in one piece, but in which some of the 
sbOTe modes of compensation are had reconrse to. The common method 
is, simpiv to turn the ring shoot one third thinner toward the part where 
the joinmg is made ; two rings are commonly used, the posiuon of the 
joints being as above described, and instead of the rings being turned of 
greater than the required diameter, and then sprung in. the requisite elas- 
ticity is given by hammering the thicker semicircomference on the hollow 
side. Of coarse, the same method may be taken with rings of uniform 
thickness, and to derive the full effect of the hammering, it might be well 
to retain the original skin of the casting on the ioside of the ring. The 
advantage of giving the requisite elasticity by hammering rather than by 
compressing ^e ring, lies io the more periect circularity ensured by the 
former ; bat were the precaution taken to turn up the compressed rings in 
the Islhe, this difference wonld no longer have place; and this is now ge- 
nerally done in addition to the hammering. 

This arrangement has been generally found to work very well ; bnt per- 
haps not better than the preceding more simple variety, when the work- 
manship of both is equally correct ; and to deficiency in this particular, we 
apprehend, must be ascribt^ any disadvantage which the latter, as some- 
times constructed, have been found to labour under. Numberless methods 
have been taken to prevent the escape of the steam by the open end jnints 
which this species of ring exposes ; frequently hemp packing is put behind 
the rings ; sometimes they are merely cut without any tiirther provisioa ; 
and sometimes the evil is left in its full magnitude, without any attempt at 
■ remedy ; but by far the best plan, undoubtedly, is to rivet a piece of 
bnu or iron, previously fitted to the proper curvature, to the inudc of the 
ring on one side of the break, so that it shall apply correctly to the other 
■ide, and slide along steam-tight as the riog expands bywearing. Inallen- 
tion to this simple precaution has been the occasion of great inconvenience, 
and has even led to the substitution of a much more expensive, though not 
in reality much more efficient system. 

Deferring our remarks on some important modifications of this construc- 
tion till we come to consider the pistons in detail, we proceed to consider the 
second principal division of our subject, comprising many subvarieties : we 
mean, that class of pistons where artificial springs are used, acting in most 
cases by the intervention of blocks or wedges. The most common coo- 
stmction is as follows: — Two strong cast-iron rings, of such dimensioas 
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perceptible elasticity themselves (say from IJ ii 
square in the cross-section), are out, each into from three to s 
segments, according to the size of cylinder, or other regulitii^ 
stance, placed the one above the other, so as to break bond at each joint, 
and at each break part of the ring is cut away to admit the introduction of 
a wedge usually of the angle of 9<J°, the point of which may be j in. from 
the snrfkce of cylinder : a common elliptical spring is then introduced be- 
tween the body of the piston and the back of the wedge. Sometimes, in- 
stead of a wedge, a simple block is used, or the spring presses immediately 
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In the original form of this piston, as constructed by Barton, the points 
of the wedge came in contact with the cylinder, being situaied in the peri- 
phery of the piston, and, in order to prevent their injurious action in 
grooving the cylinder, it was nropoted to make theui of solder metal ; and, 
we believe, it is to Tredgold that we are indebted for the suggestion of the 
above-described greatly improved modification. In this description of 
piston, the mode of action of the wedges is what seems principally to re- 
quire investigation. When the points of the wedges are not in contact 
with the cylinder, the mode of action is sufficiently obvious ; the interven- 
tion of the wedge serving simply to multiply the energy of the springs on 
the principle of the wedge, as a simple mechanical power. Of course, the 
more acute the angle of the wedge, the greater force is imparled to the 
springs, on the principle of virtual velocities ; and were the segments only 
required to expand indefiaitely, instead of expanding and contracting by 
turns, to suit the inequalities in the cylinder, then a very acute wedge 
might be used : but as the wedge must be ready to spring back, to allow 
the packing to yield when it comes to a tight part of the cylinder, as at the 
top and bottom of the stroke, it is plain that the inclination must be con- 
siderably greater than the angle of repose i it is seldom, however, mode 
less than S0° or 90". but w* lilieve a considerably sharper angle would be 
found to answer. Considering now, for amomenl, the case in which the points 
of the wedges come in contact with the cylinder, it might seem, at first 
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sight, that they wonld exert no preuure at all apoo the adjacent segments) 
and such wonld be the case, were it possible for them to wear no foster 
than the rings themselves ; a little consideration, however, will show that 
this can never be the ease, as the wear upon the wedge must be to that of 
the ring, in the proportion of the side to half the base of the wedge : that is, 
in the case of a right-angled wedge, as the diagonal to ooe of the sides of 
a square : were the wedge and cylinder then to be made of the aame ma- 
terial, the wear of the cylinder opposite the wedge would exceed that of 
the rest of its surface, in the above proportion, or probably in a somewhat 
higher ratio, arlntng from the different grain of the metal composing the 
wedge. The wedges however are almost always made of gun metal, which 
serves in a great measure to neutralise what would be otherwise the inju- 
rious tendency of this arrangemenL 

With these preliminary remarks, we now proceed to consider, in detail, 
several of the varieties of piston that have come most prominently under 
our notice, the better able to decide upon their respective merits from the 
general principles we have laid down. 

Fig, 207. represents two views of the locomotive piston made by Messrs. 
Forrester and Co., Liverpool, for the Grand Juncuon Bailway. The pe- 
culiarity of constrnction and mode of action is ap- 
parent from inspecting the drawing. l)y fitting a 
tongue piece, or tenon, into a corresponding mor- 
tice, in both wedge and ring, it is intended to 
prevent the passage of steam at the breaks of the 
segment, instead of the common method of using 
two rings, each of half the thickness, with the 
joinings of the one ring placed midway between 
those of the other. We believe this construction 
has been found to answer perfectly ; but this is 
not paying it a distinguishing compliment, as we 
shall soon see that the same may he said of cer- 
tain other descriptions, about which there is not 
above one fourth of the workmanship here dis- 
played. In fact, display is the very idea which 
this piston suggests ; the elegance of the design, 
the slendemess of the working parts, and the 
extreme accuracy of workmanship, necessary to [ 
its action — and which the Messra. Forrester are 
never known to spare — rather serve to point 
it OPt as a pretty engineering toy (not without ita i- 
share of usefulness, at the same time) than at a 
plan likely to be either extensively adopted or 
generally approved of. In the first place, there cai 

prevention of leakage by the joints would be at least as effectually accom- 
plished by having two rings arranged as above described ; a method that 
will generally be found, in the hands of common workmen, to be of much 
easier execution ; very great nicety being required in the fitting of the 
sliding pieces into the mortices, and the slightest imperfection at first 
having a tendency to wear worse fh>m the constant passage of the steam. 
Again, as the sliding pieces must move fontard faster than the aegmenU 
(when the wear commences) in the proportion of the diagonal to the side 
ofa square, as can easily be demonstrated, it follows, Ibsl the pieces them - 
selves, and consequently the part of the cylinder corresponding, must wear 
faster too i and thus is the cylinder liable to be worn nneqnally. The ex- 
treme slendemess of the springs, and the slight pressure which tb^ are 
generally required to exert, may indeed, for the most part, prcvect thii in- 
equality from being readily perceptible i but it is evident that the action it 
in some measure similar to that ofa flat-pointed wedge pressed forward by 
a spring, and itself in contact with the cylinder. 

We shall further find, on comparing this piston with more simple varie- 
ties, that it is unnecessary to divide the ring into so many segments, Sach 
a complete system of adjustment and compensation might have been very 
beneficially employed during the nonage of steam cylinders ; but is proved 
to be superSuouB in the present state of machinery, by the fact that a 
ring cut in a single place is found to give perfect satiabcuon. 

Fig.20&. represents plan and section of a piston 
manufactured for common and locomotive en- 
gines, by Messrs. Dlrcks and Nelson, late of 
the Etna Foundry, Liverpool, differing from the 
above, in having only one wedge and break in 
the ring instead of four. The set screw, on the 
side farthest from the wedge, might be omitted ; 
the two side screws serve in some measure to 
compensate for the sluggish action of the right- 
angled wedge, which seems rather to press the 
ring against the cylinder at the point immediately 
adjacent than to force it open, and thus make it 
bear equally all round. A more acute wedge 
would pronagale the pressure of the spring more j 
readily throughout the entire circumference, A f 
circular spring, tike that used here, while it pos- I 
sesses several conveniences, is yet less delicate 1 
and perfect in its action than the common ellip- 
tical kind; and perhaps, too, less easily re-set or >^ 
re- tempered. 
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le flnt ruietfit that ■hownin^SOa. Wedonbtwbe- 



tie adjiu^K Bcre' . „,.„.. 

tbin counterbaluiced hy leu perfect actioD. A method iatcrmcdiate b6< 
twceo the two iMt ii iometime« adopted ; the packing riog is cat, and a 
tUding piece and wedge employed in two oppotite plftcei, and a circular 
■pring, with wt icrewa, act* upon each. 
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Fig. 310. representi a pUn of the piiton ao estemively koown m Edward 
Bury'i locomotive piiton. The distmctive featore in it is, that eiich spring 
acta upon one wedge in the npper ring, and another in the lower, the centre 
of the spring, contrarj^ to commOD oaage, being made the " point d'appoi," 
from the bo^ of the piaton. This variety ia f&e from aome of the (Ufects 
of Formter's, and when managed with care ii fonnd to work with great 
troth and accuracy. Firat coat i^ woitmanihip, UDiieceuary complication, 
considerable liabili^ to derangement, are accompanying qaslities which 
will be fbnnd to act more or less at drawbat^s in different circnmslances, 
and which by some may rather be deemed matteta of financial than of 
engineering acienee. Among the great variety used on the Gloucester and 
KrmingtaMl Railway, thia description has been found to give the greatest 
mmtim^Mi,a. a).;i. ™ .n™^ ^ ,Vf. qji^j ji^jg ^^^gJ »« m the -* 






being anpeneded by simple fbrms, which are said to be every way prefer- 
able. The peeoliar contoar of the springs involving, as it does, the diffi- 



enltyof replacing them elsewhere than where they 
tnred, is a point ahnost too inaigniflcant to be noticed, but which, we donbt 
not, has tended to bring them mio disrepute on aome of the lines of rail- 
way above allnded to. 

Fij.Sll.representiapiston thai has been much nsed by Messrs. Slephen- 
hh; it consists of three concentric ridKs, the two outer being rebated and 
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Bangea of the piiton. The inner nag is equaf indepth 
rings. When the rinp are turned to fit the cjlinder and each other, they 
are hammered on the inside, to give ihem a tendency to spring outwards, 
and are then cut through, to allow them to expand. The diviiiona of the 
rings are placed soaa to break joinL To provide for the wear of the oul- 
nde ringa, springs are placed at the back, which can be tightened up by 
ineaH m acrewa hearing apon the centre part of the ipringa. 
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fi;. 313. represeots a kind of piiton used on the Liverpool and Mancheater 
Railway, Tcry aimilar to fig. 308., or to those uaed on the Grand Junction 
Sailway. As before remarked, the obtuaeneai of the wedge seema to be 
almoat the only defect in thia limple and elegant species of packing. We 




most, however, confeaa, that in urging this particular we fbrra o< 
on theoretical, we had almost said, conjec- 
tural groundi, as we have never met with Fig. 313. 
a more acnte angle in a piaton than fiMm S0° 
to 90°. The piatona on the Liverpool and 
Manchester Railway are geoerollv braaa. . 
Thia is an advantage in horixontal or in- 
clined cylindera, as the sotbieaa of them 
terial, and the greater lightness of the pi>- i 
ton, cooaiderably reduce the wear of the 
cylinder. Brass pistons have been, an thia \ 
account, much used for locomotive enginesi 
one drawback, however, to their employ- 
ment, ia, the inferior elasticity of the metal, 
which renders the employment of artificial 
springs necessary. 

Fig. BIS. represents the packing-rings of 
Stephenson's locomotive piston, aa we have , 
seen them used on the Great Western Rail- 
way. The peculiarity of this piston consists 
in the two rings being grooved and tongoed 
into each oUier in a manner similar to 
common flooring deala as we have already ^ 
mentioned. In the published description of 
thia locomotive we are told that this is in- 
tended to "keep them steady," — an end 
that should, we think, be sufficiently a 
compliahed by tiieir being enci ' '' 
the cylinder. 

Fig. 314. represents the plan of a piston 
used on the South- Weatem Railway, bearing 
a considerable resemblance to what w< 
seen on the Liverpool and Manchesti 
It ia superior in aimplicity, and at least ' 
equal in efficiency, to several of those we 
have figured. A modillcadon of this kind 
is uaed with success upon the Bunco: 
Gap Railway, with this difference, that, op- 
posite the sel-aorew, the ring is made per- 
fectly flat for about the fourth of the cir- 
cumference. The engines made by Sharp ^ 
and Roberts for the French Railwaya are 
likewise fitted according to this modiflca- 

.F^. 319. 
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/■ij.215. represents the piston adopted on the Glasgow and Ayr Railway, 
where it baa superseded the more complex varieties. It ia flee from all or 
moat of the defects we have pointed out, and haa given much aatia&ction in 
practice. The position of the rings, ia being placed with the breoka, BO" 
apart instead of 180°, ia one of those trivial but jndicioua arrangementa 
which often determines the character of a mechanica' 

Fig. S16. is a plan and section of piston similar 
to that used (br the American or Bogie engine, 
manufactured fbr the Gloucester and Binninghai 
Railway, hy Messrs. Nasmyth, Gaskell,and Co.- 
two packing-rings, ]in. x Ifin., each in three 
teguienta, preased out by three elliptical springs , 
with set screws, through the medium of an inner 
ring equal in depth to the two, and cut in three \ 
places. Mr. Nasmyth haa eonitnicled many of hia 
locomotive pistons with spiral steel springs in- 
stead ofthe usual elliptical kind: they were found 
very liable to bre^, however, and are now almost 
enurely disused. We have seen hollow packing- 
rings constructed by Mr. Nasmyth, with the otgect, I 
we presume, of obtaining a broad steam-tight { 
bearing without increased weight. I 

Tbeie then are the principal specimens of loco- ' 
motive pistons we have to give : we shall next 
deaeribe aome of the moat approved pistons for 
marine engines, all of which are also applicable to 
laud engine*. 
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Fio. 2 17. reprewnti B vnriety of packing muicfactured by Messn. Maiton 
' »nd Co., Leith, adspted for marine engines. The >pe«inien we haTB al- 
ntidf given by theie makers hM »n improveinent introdnced or potenled 
■BTeral yean ago by Mr. M'DoiraU, of JohnaWn, near Paiiley, which con- 
■lita in cntling the rings in a slanting inilead of a pcrpendicalar direction. 
In Mr. M-Dowairspi«lon the rinp ii cnl into sereral segmenlii and, as only 
■ tingle ring ia used, a sliding piece is checked in on one side, to break 
bond, and preyent the passage of the steam through the opening. That 
ahawn in the flgate wotild be improred by the snbstilDtion of a single ring 
of lofflcient depth, inst^d of two; and, by employing a iliding piece behind 
the joining, thus rendering the hempen packmg onneeessary. The other 
fbrma of joinii^ shown in the above flgnres are pooessed of no particnlar 
interest, being somewhat difficult in eseention, withont correspondiug ad- 
Tantage. 

Fig. an. Fig. SIS. 
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rig. 218. representa Jeslop's sjMr*] metallic packing, al made several 
years ago by the late Messrs. Cland Oirdwood, and <V, &r two nnall sub- 
sidiaiT engines for the " Don Jnan" steamer. On conjidering the action of 
the spiral cimIs, when the ring ia compressed into a lesser diameter, it wdl 
be foond that the tension of the springs is a minimum at the centre of the 
coil ; while it increases tovards each extremity in the ratio of half the number 
of coils to unity. This packing is bat little used. 

Fig. 319. represeou an arrangement that was 

extensively adopted by Messrs. Claud UirdwODd 

and Ca The packing consists of four rings, 

tttaa j to IJ sqnare, according to the size of 

the cylinder, which may wy from 6 to 50 

'n diameter. In pistons of the latter 

.^DS the rings are tnmed fully twoinches 

n diameter, and aftenrards cut in one 

' place, and bent to the proper circle in a mould 

prepued fcr the pmTiose — the ends being half 

checked in snch a way as to be steam-tight 

without the necessitt of using packing behind, 

which, however, is freqoenlly added. In order 

to bring the cylindrical surbce of the nogs 

oner to an exact bearing, a groove is turned 

i of the outer circumference of each : this 

msy help, besides, to keep the pistou tight, bj 

I affording a lod^ent for oil and tallow, and 

I ! i.jjj circmnstancea be of considerable 

e instance within our knowledge 
this kind of piston has been at work, with oc- 
casional interruption, bat little or no repair, 
for a period of ten years. 
Fig. ISO. representa plan and section of piston both for marine and land, 
manofactured by the Messrs. Msiton, of Leith. This may be regarded as 
a fhvoarable, and at the same time, characteristic specimen of the most 
generally approved and widely adopted variety of packing in which sepa- 
rate springs are employed. The ease with which the springs may be bent 
and reset to the proper compass prevents set screws lh>m being required : 
the only seriously objectionable point seems to be the expense of fitting 
and grinding steam-tight the ten wedges required. While, however, we may 
admire the capability of perfect adaptation to the tbnn of the cylinder, 
which this piston presents, we most express our decided opinion, that a suffi- 
cient, if not, practically speaking, an equal degree of correspondence might be 
attained at a fVsction of the expense. This, however, supposes the case of a 
new and perfect cylinder ; hot where that has berai previously worn un- 
equaily by hempen packing, as is frequently the case, then thu modifica- 
tion possesses decided advantages, and has, we believe, been repeatedly 
applied by the Messrs. Maxton in these circumstances, with great snecess. 
The use of wronghl-iron nuts, fitted into the body of the piston to receive 
the junk ring screws, instead of tapping them into the cast iron, is a very 
obvioos improvement, though not peculiar to Messrs. Maxton. 
Fig. 2SU repreaenta a form of marine piston at one i 





largely by Hears. Fawcett and Prestoiu It beara a considerable reaein- 
blaneo to Forrester's locomotive piston, sharing both in its merits and its da- 
fects. To enter into a detuled analysis of it would be superfluous, after 
having considered lo much at length the general prineiplea bj whicb oar 
Judgment has been regulated* 



Fig. «1. 




peculiar shape of the blocks against which the springs press, instead of the 
usual V wed^, is one point c^ identity between thii and that given in our 
plates of details of a marine engine. 

Fig. SS3. represents the form of piston at present constmcted by Mr. Ro- 
bert Napier. Two rings, about aiin, square {cylinder being 65in. dia- 
meter), divided into two segments, the lengths of which may be in the 
proportion of 1 to S, each ring being pressed out with a number of springs, 
generally made very stiff, and of little compass i the rings, in consequence, 
wear so rapidly, that we have known them to require to be eked with a 
considerable thickness of copper a( 



w the object 



of dividing the segments in the above proportion, unless it be to take out 
the rings without taking off the cross-head: mother respects a single break 
would be quite as efficient The distinguishing feature of this piston liea 
in the cot on the outer cireumference of the rings being made at a coo- 
siderable angle with the perpendicular, while that on the iimer side ia 
vertical; an arrangement that we do not recollect to have met with before. 
The peculiar form of spring shown here, in an enlarged view, is, to Ikr 
as we bsve observed, ad^ed almcct esolusively by Mr. NagUr. 
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Fig. SS4. repreunU the ipecid of pttcking-riDg employed by the Meun. 
Seaward. Only one paekrag-ring is nsed, about 3im. x IJin.; ninuig in 
from a larger diuaeter, or hammered internaUy >o a« lo have contiderable 
elarticity. Thii ring ii cnt in only one place, and a piece, 8 in. or 9 in. in 
length, half the thicknesi, and aboat one-third the depth of the ring ii 
checked in on the upper aide, m order to break bond; and at the back of 
(he joint a block ii placed, wrewed to the one end of the ring and loo«e at 
the other, id a< to prevent the ateam from paasing through the cnt In 
addition to the elaitlcity of the ring, it ii preued out hy mx eUiptical 
ipriaga. ThU ia, on Iho whole, one of the beat marine pkooa we ha^e 
met with. The ring, however, in wearing, derangea the joint between the 
nng and the small aegment-piece. The joint openi at each end, m that 
the only contact come* to ba at the central point, which ig a detect. 




Fig. 2S5. ihowi plan and Mction of the piitoa of the " Dpo Joan'a" en- 
ginei (cylinder 68 in. diameterV There are two ring* cut into two leg- 
menta, the leuer bein^ one-third the circumference, with V block* at tb* 

jwninga, and atiff elliptical tpringa. 

Fig. aae. 



Fig.73i. ihowg the apeciea of piiton employed by Me««n. Miller, Baven- 
hill, and Co. The ring ii tamed the fnll eiie, meamring to the point of the 
tongne-piece, and aqoarea are then cut out to allow the endi to come toge- 
ther, (o that the tongne-piece ii in one piece with the ring. The malleable 
iron bridle it for the poipoae of expanding or contracting the ring, which 
ii effected hy driring m a cntter at the one end of the bndle or the other, 
whereby the ring ii contracted or expanded. One end of the InidJe i« 
attached to the nng b^ a bolt, which alidw in an oblong hole in the hridlet 
and if a cutter be teven between the bridle and one end of the piece 

land OB the back of the joist, the ring will be expanded ; whereaa, if 
•t the oppotite nde, the ring wiU be draws together. 



groand i 
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Fig. 227. 




Scale I inchaal foot 

niTOIf or WBIT INDIA MAIL 8TBABIBR8 TUAMXS AND MEDWAT, BT HAUDSLAT, SONS, AND FIBLD. 

Fig. 227. represenU the marine-engine piston of Messrs. Maudslay and 
Field. Here the tongue-piece is not cast in one with the ring, but is put in 
with pins; and the slot is on the incline, to prevent a rut in the cylinder. 
The tongue-pieces, of this and the preceding variety, are of course ground 
in, a piece being ground on the back to prevent the steam from passing. This 
species of piston ring is probably among the best yet introduced in practice ; 
yet, in the West India mail steam vessels, it was found that the pistons 
were not tight until springs had been introduced to press out the rings. 
The elasticity of these rings must therefore be reckoned insufficient ; and 
it is a very common fault of metallic pistons that the springs are made too 
weak. We have often known them to be too weak, but never in any one 
instance knew them to be too strong. 

Fig, 228. 




Scale 1 inch«:l foot. 

BKIDLB VOB MAUIMLAY AND CO *S PISTON TAUTB. 

Fig, 228. represents the piston used for Messrs. Maudslay's cylindrical 
slide-valves. By raising or lowering the screw, it will be evident that the 
rings are compressed or expanded. A flat place is of course cast in the 
body of the piston to leave room for the bridle. 

The pistons of Messrs. Scott and Sinclair consist of a number of seg- 
ments pressed out by V blocks acted on by a continuous ring spring. 
Messrs. Caird*s are similar, but the blocks are flat, and the springs are 
separate, as ma^ be seen in the plates of the details of the Clyde, Tweed, 
Tay, and Teviot steamers. Messrs. Blythe*s consist of two eccentric 
rings, one above the other, without springs or packing. Messrs. Fairbaim 
and Co. have made several with a double tier of eccentric rings, having 
eccentric rings again within these, so that the interior of the inner ring 
is concentric with the exterior of the outer. The space behind the inner 
ringii is also packed with hemp. This variety of piston is troublesome to 
keep in good repair. 

In the pistons of oscillating engines, it is necessary to take precautions 
against any compression of the packing-ring by the weight of the piston 
during the inclination of the cylinder. The method pursued by Messrs. 
Penn is to pack the space between the metallic ring and the piston with 
hemp. It might be a good way to force out the ring by means of a V 
block placed on one side of the piston, in the line of the trunnion, a steady 
pin being inserted in the piston on the opposite side, with a corresponding 
oblong hole in the packing-ring, so as to prevent the packing- ring from 
turning round at the same time that it was permitted to expand. Messrs. 
Penn make use of a single ring and tongue piece with the block behind 
recessed, so as not to interfere with the hemp packing. The upper side of 
the ring, too, is sharpened off to an edge. 

VALVES. 

We now come to the subject of valves, and here we have nearly as great 
variety as under the head of pistons. The function of a valve is to open or 
close a passage, and all the varieties are divisible into the genera of lifting 
and sliding valves. Sliding-valves are generally employed to admit the 
steam alternately above and below the pistons of engines, except in the 
case of ptimping-engines, and there lifting or spindle valves are usually 
employed. Safety-valves are always spindle-valves, though a slide-valve, 
opened by the rise of a column of water or mercury, has been proposed as 
a safety-valve. The valves of pumps are generally spindle, flap, or bftll 



valves, but are slide-valves sometimes. A cock is to be regarded as a cir- 
cular sliding-valve. The diameter of the spindle of spindle-valves is 
usually made about one eighth of the diameter of the valves : in small valves 
the proportion is greater. 

Sqfetg-valves. — We have in page 86. given a theoretical investigation of 
the size of orifice requisite for safety-valves ; but, as is there stated, much 
larger orifices are employed in practice. A common proportion is a cir- 
cular inch of orifice per 1^ horse power, or *8 of a circular inch per horse 
power. In marine engines safety-valves are usually lifted by a lever, which 
presses up the spindle from underneath, and the weights are either wholly 
or partially hung from the spindle. The spindles are sometimes guided by 
means of an iron bar, which passes across the steam-chest ; but this is not 
a commendable practice, as explosions have occurred from the jamming of 
the spindles in the guide, in consequence of an alteration of shape in tho 
steam-chest when the pressure came on. Fig, 229. represents the safety- 

Fig. 229. 




SAPBTV VaLVB OF LOCOMOTIVB BOaSR. 



valve of a locomotive engine, which is of the steelyard kind, and the end 
of the lever is kept down by a spring. 

Boiler explosions sometimes arise flrom the adhesion of the safety-valve 
to its seat, and numerous plans have been devised, and some of them of 
considerable ingenuity, for obviating this source of danger. The ordinary 
method of feedmg land boilers by a head of water may rank among these 
contrivances: it is shovm in^. 230. A float, which is usually made of stone 

Fig. 230. 
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81 AND PIPB, FLOAT, AND FBBD APPABATDS FOB LAND BOILBBf. 

or iron, is so balanced, by means of a counterweight, that it rises or falls 
with the fluctuations of the water level, and in so doing opens or closes a 
valve in a small cistern, at the top of a stand-pipe set on top of the boiler, 
thereby maintaining the water at the right level The stand-pipe is of suf- 
ficient diameter to receive a float connected with a chain proceeding to the 
damper ; and as the water is forced up in the stand-pipe to a height cor- 
responding to the elasticity of the steam, the float in the stand-pipe will 
rise and fall with the varying pressure, thereby aiynsting the vehemence of 



s 
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the dnoglit to the irunta lA the «Dgine. If (be preunre becomea Tcry 
high, the water will be forced out of the boiler throDgh the feeding-valye. 
Thii laJve, boirever, is uaunlly made too imkll to be capable of aniwering 
u I ufetj-valTC, but it givei iDtimatlon of dunger. la iteam Teneli to 
npiigbt pipe hsj been recommended to be nppli^ to the lop of the boiler, 
of inffigient capacity to give A-ee exit to the iteam, and daceDdinK beneath 
the VBter leyel, >o u to be under ordioarf circunulaneeg £Qed vitb water. 
When the iteain becomea too high, tbe water i* forced up thia pipe, and 
ptoceedl into the chimnej by a branch-pipe provided for the porpose. If 
the precmre be not speedily relieved, the whole of the water above tbe 
mouth of the pipe will leave the boiler, and then the Bteam wilt nub ouL 
Another plan coDiiata in the application of a vessel at the end of a lever, 
to receive (be water wbicb flows over troia the upright pipe, and this 
Teasel of water i> so arranged that its neigbt opeot tbe Bafety-valve. la 
•ome combinations a colamn of qnickeilver is employed, inst^d of ■ co- 
lumn of water; bat it has been found that the quicksilver Ii gradaally dia- 
lipated by the action of the steam. A large steam-gauge is recommended 
bj some penona aa an effectual lofegtiard againit eiptoaion, in the event 
of an adhesioD of the safety-valie \ but for all ordinary pressures we think 
the colamn of water already described will be fonad to be a preferable ez- 
pedieuL 

Slidt-vatva. — There are three priacipal varietiea of slide-valves — the 
long D, tbe short D, and the three ported. The long D is repreaented 
amoDg the detiuls of the engines of the Clyde, Tweed, Ta^, 
rig. S31. and Tevlot steamers, and the three-ported valve is shown id 
the plates we have given of locomotive engines [ but wa 
here again represent it in fig. 231. This valve conslsta of 
a box set over a centra] port, and moved alternately over 
porta set oa each side of the central port, so as to establish a 
communicatioD between the central and aide porta alter- 
nately. The central port ii the escape port : the steam 
1^ passes in tbe direction of the arrows, and when eihaastion 

^ ta being performed by one port, steam is being admitted by 

the other. This apeclea of valve is used very eitensively 

in high-preaaure engiaes, and almost universally in locomo- 

tivea. It is very simplei and by leaving tbe face of the 

' cylinder when the pressure within tbe cylioder exceeds tbe 

preaanre in tbe valve-casing, it enables the water to escape 

when the engine primes : but it oecaaiona a contiderable 

waste of steam if the ports aad passages are large ; and if 

they are not large, a considerable loss of power arlaea &om 

the extra-resistance experienced by the piston. 

Tbe long D valve haa alwaya becD in much fiivour with engineer!, thoagh, 

IS ve think, without sufficient reaaon. The ihort D valve, ia in oar judg- 

Fig.iSi. 



J" 



ment, preferable, and we give «ijig. S33, an excellent specimen of (bis 

apeciea of valve — the valve of the steamer Don Juan, Some abort D 

valves have only one rod to coimect tbe ends, and 

others have two ; but three are preferable, u limy ^V- 233- 

give greater stiffness than is otherwise attainable. It 

is eipedieat to line the counecting-rods, aa in the 

wake of the porta they frequently get waated rapidly 

away by the steam. 

Tlie piatoo-vaive with skewed porta is represented 
in fig. 233. This apeciea of valve is, in our judg- 
ment, preferable to the D in man; respects. It ia 
more eoaily worked, admits of metallic packing, oad 
ia not liable to have its form altered by twisting. 
Messrs. Miller, RBveabill, and Co., have adopted this 
species of valve in their oacillating engines of the 
largest siie, but in this instance its operation has not 
been satisfactory. 

In working large engine* considerable difficulty ii 
experienced in haadllng tbe valves, from the weight 
and ihe preasare of tbe steam forcing tbe valve against the face of the 
cylinder. Various schemes have been adopted to obviate this disadvan- 
tage. In some cases a small engine baa been used to work tbe valves 
at slarting, and another plan has been to balance the valves by the op- 
posing pressure of the steam. One of these balance valves is represented 
in Sgurcs 234, 335, and S36. It is a slide-valve, and has no hemp packing 
as is usual, but is kept tight by means of a metallic packing-ring, divided 
into segnjenu which are pressed against the inner side of the valve-cbest 
back bj spiral springs and aleam preaeure. Some inconveaience ml^t 
be anticipated from the circomstonce of the rubbing surface of the packing- 
ring at the aides of tbe valve being greater than at the ends : but we under- 
stand from Messrs. Rennie, by whom this vatve was devised, tbst its 
performsnce has been fbund satisfactory. 
Fig. 23*. 





a o a ia a bran ring divided into segments, as shown in the plan, the ob- 
ject being to allow tbe ring to accommodate itself to any slight curve that 
may be caused by tbe pressure of steam on the valve-box bock or cover. 

bbbbiit space containing about three layers of well-plaited aquare 
gasket eeee is a bnss ring in one piece fitted loosely into the grvoft, 
having on one aide of it a nimiber of imall steel pegs, dddd, oa which u 
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plac«d spiral gpringi. These apriags force the ring, lod by it the hemp 
puking il preiwd htii ogaiiut the bnsa segiaents, cansiDg them to slide 
steam-tight Bgiinst the TslTe-box cOTer, the presaiire being farther regulated 
by a commnnicatioD made between the space in irUch tke Bpiral tpritigt 
vfiik, and the steam in the T»lTe*box, 



Fig.aSi. 



Fig. £36. 







eeu the condenser and the apace within 
the braM ring a a a in the valve-box cover, aod the coodenser, regulated 
b; a eock, >o that when the eagineer is handling the engine he can canse a 
vacnum at the back of the slides. E b E ii a wrought iron hoop bound to 
fit the turned part of the valve, which slides freely in it, uninfluenced b; 
the valve- rod r f. 

The valve employed b^ Hcstn. Peno in the most recent of tbeir oscil- 
lating-engioes, is lubstantially the same with that just represented. Theriog, 
however, i* in a aingle piece, and i* tightened against the back plate by 
means of another ring, armed with four Ingi, lying beneath the packing- 
ring. Between this ring and the packing-nng hemp packing it interpos^ 
and the lower ring i« rsued up by nnaerewing out of bosses on the valve, 
four bolts passing through the lugs. These bolts may be anscrewed, and 
the packing tightened, by removing four plugs in the back of the valve- 
caung. By this method of arrangement it u not necessary to make the 
back of the casing removable, but merely to plane and Gl the back to the 
rings before the parts are put together. The back plale which forma the 
cover of the casing is scraped as carefully as the valve and cylinder faces, 
but onlj as moch of the back plale is ^ns fitted as the ring comes into 



contact with during the travel of the elide, and the fitted pcrtion is cast a 
little higher than tbe other portions, 

ExpantioK- Valvtt. — Slide-valves are the most saCisfkctory species of 
expansion-valve ; but apindle-valvea are the simplest, and they are the most 
frequently employed. Moat of the spindle expansion- valves are of the 
double heat or equilibrium kind, such as are used in the Cornish engines, 
and tbe nature of which has been already explained in page 173. In the 
plates of details of the Weet India mail engines a specimen of this species of 
valve is given, with appropriate cams to ^ applied to the shaft for working 
it by. In Maudslay's portable engine the cam is moved on the shaft by 
the governor, and the apeed of the engine regulate) the point at which the 
steam ia cut off. The form of the cam isa sort of twisted elliptical cylinder, 
ao to speak, against the exterior surface of which a pulley fixed on the end 
of a lever, presses, and by the motion thus derived opens the valve. This 
speciea of cam was employed in the Berenice steam vessel, by Mr. Robert 
Napier, but the valve was in that case a slide-valve, consisting of a plate 
interposed between the face of the valve and tbe ftce of the cylinder. 

Fig. 337 represents the variable expansion gear of Oonienbacli. It 
consists of an ordinary short alide-valve and casing, with perls in the back. 

Fig. 937. 




upon which another slide-valve and casing are imposed. The ordinary 
valve ia worked in the usual manner; but the tnvel of the supplementary 
valve may be lengthened or shortened, ao as to cut off the ateam at any 
part of the stroke. A is the common valve, and F the valve-chest ; B is 
the supplementary valve, which is a solid block with two perforations, 
which, when opposite the porta in the cover F, admit ateam from the sup- 
plementary valve-chest K. The atarling-handle is connected with the 
ahaft g, upon which a lever is fixed, and so connected by links with Ihe 
extremities of the eccentric rods D and d, that when one eccentric gab ia 
iu gear with the pin (', upon the valve-lever, the other ahall be disengaged. 
In the figure the engine is in gear for going a-head, and the reverring 
eccentric rod D is disengaged from the ordinary valye, and in gear with 
tbe supplemenlary valve, by means of a second gab^ which receives a pin 
upon the expansion -valve lever G . In this lever Uiere is a long slot, in 
which a pin G. fixed on the valve link H, may be moved to a greater or 
less distance from the centre of the expansion- valve ahaft, by means of the 
handle T : and the effective length of the valve-lever being ibua varied, the 
travel of the valve receivea a curreaponding variation. The expansion- 
valve thus receives the reversing motion while the slide-valve is receiving 
the forward motion. 

Mr. Cabrey has need a mode of obtaining expansive acUon, which bears 
some resemblance to Gonzenbach'i plan, but dispensing with a second valv& 
It consists simply in making the eccentric rod terminate in a pin working 
in a slotted valve-lever, which has a gab similar to the ordinary eccentric 
gab. Tbe throw of the valve will therefbre depend upon the position of 
the eccentric pin in the alot ; for the effective length of the lever wall vary 
with the diatance of the pin from the centre of the valve shaft ; and the 
nearer it approaches that, the smaller will the throw become. By this 
means expansive working can be obtained with no cover on the valve, but it 
has the great defect of not opening the ports at the proper time. This 
may be obviated by increaalng the lead of (he eccentrics with the degree 
of expansion ; which has been done by Mr. Fenton, by means of spiral 
fealhera upon the crank shaft fitting into correaponding grooves in the 
!. which, when shifted by a lever along the shaft, will necessarily 
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be turned round upon it, and thus give the required lead. Fig, 238. re- 
presents the variable expansive gear of Mayer. It consists of an ordinary 
valve, with the addition of perforations through the top and bottom faces, 
each of which are covered by a supplementary valve upon the back of the 
first, consisting of two solid blocks, into which a valve rod is screwed, 
having a right-handed screw where it penetrates the one block, and a left- 
handed screw where it penetrates the other ; so that the blocks will be set 
closer or further apart, according to the direction in which the rod is turned. 
The ordinary valve receives its motion in the usual way, and the expansion- 
valve is moved by means of a pin attached to the piston-rod, which works 
in a slotted lever, to which tiie expansion-valve rod is attached. The 
motion of the two valves is, therefore, at right angles, and the expansion- 
valve is about one-fourth of a revolution in advance of the steam- valve. 
In the figure, A is the steam- valve, BB the expansion-valve, TT the valve 
rod, with right and left handed screw ; G a wheel attached to the valve rod, 
over which a pitch chain passes, by means of which the valve rod is turned, 
and the blocks are altered so as to give the requisite amount of expansion ; 
D is the valve shaft, and C£ the valve lever ; F is the pin attached to the 
piston rod. In all cases in which the motion of the expansion-valve is the 
same as that of the piston, the slide-valve must be provided with lap. 

The expansion of the American engines is, as shown in the engine 
figured in page 190, generally a disk turning upon an axis like a throttle- 
valve, but so made as to be capable of being turned completely round in 
the pipe. The expansion- valve of the Don Juan was of this description, 
and was worked firom a pin in a pinion, which made two turns for each 
revolution of the engine. In Mr. James Whitelaw's expansion-valve the 
▼alve shaft is cranked slightly, so as to enable the end of a double-ended 
lever to be in the centre line of the shaft, the centre of this lever being 
supported by a pin passing through the valve levers, and the expansion- 
valve, which consists of a plate placed between the valve and cylinder 
faces, is hung from the other extremity. So long as the end of the lever 
which is situated in the central line of the valve shaft, is preserved 
stationary, the expansion-valve has the same motion as the other valve, or 
is relatively at rest, so that no expansion then takes place ; but if the end 
referred to of the lever be moved, as is done by means of a suitable cam 
upon the shaft, expansion answerable to the degree of motion is then 
accomplished. Some expansion-valves are gridiron valves, or valves con- 
sisting of a great number of ports instead of one, whereby the extent of 
travel necessary for their action is diminished. Mr. Bourne has introduced 
into some steam vessels a species of expansion-valve which cuts off the 



steam close to the valve face, so as to prevent expansion in the valve- 
casing, and is easily applicable to existing engines. It consists of two 
plates, moving between the valve tails of the D valve, and shutting up 
against the lap. These plates are connected together by a rod, and motion 
is given to them by means of a smtable cam or tappet : for moderate rates 
of expansion the motion given by a tumbler will suffice. In engines with 
a considerable amount of lap upon the valve, the amount of expansion 
will be increased by partially closing the throttle- valve, and in such cases 
the use of an expansion-valve in the steam- pipe cannot be productive of 
much benefit This effect is traceable to the quicker motion of the piston 
in the cylinder as it approaches the centre of the stroke ; for a size of orifice 
that will admit steam enough to keep up the pressure at the beginning of 
the stroke, when the motion is very slow, will not do so when the motion 
quickens, and the pressure necessarily subsides within the cylinder. If, 
however, there be no lap upon the valve, the pressure within the cylinder 
will rise towards the end of the stroke, when the motion again becomes 
slow ; but if there be lap upon the valve sufficient to prevent the steam 
from entering towards the latter part of the stroke, the steam may be very 
largely expanded in the cylinder by throttling in the steam pipe. To make 
the action satisfactory, however, the throttlingof the steam should take place 
close to the steam port ; and one of Mr. Bourne's arrangements consists of 
a moveable plate covering holes upon the steam side of the valve, through 
which holes the steam finds ingress into the cylinder. These moveable 
plates are not made to travel at every stroke of the valve, as in the case of 
common expansion valves, but are moved by means of a rod passing through 
a hollow valve, spindle or otherwise, merely, whenever the rate of expan- 
sion requires to be changed ; and the extent to which the steam orifices are 
open determines the extent of the expansion. The valve is made with 
sufficient lap to cut off the steam when about two thirds of the stroke have 
been performed, and with these proportions, and with the steam orifices 
very much contracted, the expansion begins very near the beginning of the 
stroke, and continues doiw n uninterruptedly to its dose. This species of ex- 
pansion valve appears to be the host for locomotive engines, and for all 
engines, indeed, travelling at a quick speed, to which species of engine the 
spindle expansion valves are inapplicable. The moveable plates may ob- 
viously be used as a throttle valve, and the steam, by their instrumentality, 
may be completely shut off without throwing the engine out of gear. In 
all c&ses in which there is much lap upon the valve, it is expedient to make 
the throw of the valve more than twice the depth of the ports ; as the orifice 
of the eduction passage will otherwise be too much contracted. 
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THE PUKPINO-ENGINE. 

Is a pamphlet printed by Messrs. Boalton and Watt, for the use of their 
servants, sometime betw^een 1782 and 1785, we have some excellent prac- 
tical directions respecting the construction and management of pumping- 
engines, the greater part of which are applicable to the circumstances of 
the present time. This pamphlet is now very scarce ; but we have been 
favoured by Messrs. Boulton and Watt with the use of a copy, and propose 
here to insert the most valuable part of its contents. Mr. Watt's hand is 
visible enough in this production, and the highest praise we can give to it 
is to say that it is worthy of its author. Under the head of general direc- 
tions we have the following : — 

^ Having fixed upon the proper situation of the pump in the pit, firom its 
centre measure out the distance to the centre of the cylinder, that is the 
length of the working-beam, or great lever, and the half breadth of each of 
the great chains, as shown by the drawing. Then from the centre of the 
cylinder set off all the other dimensions of the house, including the thick- 
ness of the walls, and dig out the whole ground included (to tibie depth of 
the bottom of the cellar) so that the bottom of the cylinder ma^ stand on a 
level with the natural ground of the place, or lower, if convement, for the 
less height the house has above ground, so much the firmer will it be. 
The foundations of Uie walls must be laid at least two feet lower than the 
bottom of the cellar, unless the foundation be firm rock, and care must be 
taken to leave a small open drain into the pit quite through the lowest part 
of the foundation of the lever wall, to let off any water that may acci- 
dentally be spilt in the engine-house, or may naturally come into the cellar. 
If the foundation at that depth does not prove good, you must either go 
down to a better, if in your reach, or make it good by a platform of wood 
or piles, or both. 

** The foundation of the lever wall must be carried down lower than the 
bottom of the space left under the condenser cistern f to get at the screws 
which fix the condenser), and two short walls must be built to carry the 
beams under the condenser cistern. Two other slight walls should be built, 
one on each side, at a little distance from that cistern, to keep the earth 
from it, which would otherwise cause it to rot 

**■ Within the house, low walls must be firmly built to carry the lower 
cylinder beams, so as to leave sufficient room to come at the holding-down 
screws, as shown in the drawing, and the ends of these beams must also be 
lodged in the wall, but the platform is not to be built on them until the 
house is otherwise finished. 

'* The lever wall must be built in the firmest manner, and run solid, course 
by course, with thin lime mortar, and care must be taken that the lime has 
not been long slacked. If the house be built of stone, let the stones be 
long and large, and let many headers be laid through the wall ; it should 
also be a rule, that every stone be laid on the broadest bed it has, and never 
set on its edge. A course or two above the lintel of the door which leads 
to the condenser, build in the wall two parallel, flat, thin bars of iron equally 
distant from each other, and frx>m the outside and inside of the wall, and 
reaching the whole breadth of the lever walL About a foot higher in the 
wall, lay at every four feet of the breadth of the front, other buv of the 
same kind at right angles to the former course, and reaching quite through 
the thickness of the wall, and at each fr^nt comer lay a long bar, in the 
middle of the side walls, and reaching quite through the front walL If 
these bars are 10 or 12 feet long, it wiU be sufficient When the house is 
built up nearly to the bottom of the opening under the great beam, another 
double course of bars are to be built in, as has been directed. 

"• At the level of the upper cylinder beams, holes must be left in the walls 
for their ends, with room to move them laterally, so that the cylinder may 
be got in, and smaller holes must be left quite through the walls, for the 
introduction of iron bars ; which being firmly fastened to the cylinder 
beams at one end, and screwed at the other or outer end, will serve by 
their going through both the front and back walls, to bind the house more 
firmly together. 

** The spring beams, or iron bars fiistened firmly to them, most reach quite j 



through the back wall, and be keyed or screwed up tight, and they most 
be firmly fastened to the lever wall on each side, either by iron ban, firm 
pieces of wood, or long strong stones reaching far back into the wall ; they 
must also be bedded solidly, and the sides of tbe opening built in the firmeat 
manner with wood or stone. The spring beams must always be laid eight 
inches on each side distant firom the working beam, to give room for the 
side arches. 

** The house being finished, a wooden platform of 2\ inch plank, is to be 
laid on the lower cylinder beams, and the centre of the cylinder being 
accurately marked on it, four holes are to be bored through the cylinder 
beams, for the holding-down screws, and four boxes, about seven or eight 
inches square, and as long as the stone platform is to be deep, are to be 
placed perpendicularly over them. Then the stone or brick platform is to 
be built up to the level of the cylinder's bottom, as shown in the drawing; 
it must be composed of the heaviest materials which can readily and 
cheaply be procured. A very solid pillar of stone or brick work, laid in 
the best lime mortar, must be carried up directly under the cylinder, and 
must be, at least, of the diameter of the outside of the fianches ; the rest of 
the platform may be filled up with the heavy materials, bedded solidly in a 
mortar of clay and sand, and well beat into their places, so as never to settle 
or yield." 

We next have some excellent remarks upon the construction of boilers, 
and upon boiler-setting : — 

" In making the boiler you should use rivets between five eighths and 
three fourths inch diameter. In the bottom and sides the h^ids of the 
rivets should be large and placed next the fire, or on the outside, and in 
the boiler top the heads should be on the inside. The rivets should be 
placed at two inches distant from the centre of one. rivet to the centre of 
the other, and their centres should be about one inch distant from the edge 
of the plate. The edges of the plates should be evenly cut to a line, both 
outside and inside. It is impossible to make a boiler top truly tight which 
is done otherwise. After the boiler is all put together, the edges of the 
plates should be thickened up, and made close by a blunt chisel about a 
quarter inch thick in the edge impelled by a hammer of three or more 
pounds weight, one man hol£ng and moving the chisel gradually, while 
another strikes. All the joints above water should be wetted with a solu- 
tion of sal amoniac in water, or rather in urine, which, by rusting them, 
will help to make them steam tight After the boiler is set, it may be 
dried by a small fire under it, and every joint and rivet above water painted 
over with thin putty, made with whiting and linseed oil, applied with a 
brush. A gentle fire must be continued until the putty becomes quite 
hard, so as scarcely to be capable of being scratched off by the thumb nail, 
but care must be taken not to bum the putty, nor to leave off fire until it 
become dry. 

** In building the brick-work of the boiler-setting, no lime must be used 
where the fire or flame comes, but a mortar made of loam or sand and clay; 
but lime mortar should be used towards the outside. Pieces of old cart 
tire, or other such like pieces of iron, may be laid under the chime of the 
boiler, between it and the bricks, which wUl prevent its being so soon burnt 
out there. The brick- work which covers the boiler top should be laid in 
the best lime, which will not hurt it there, but will preserve it; the mortar 
should be used thin, and the boiler top well plastered with it, which will 
conduce greatly to tightness, if done some time before the engine be set to 
work, fi your lime be not of that species which stands water, it will be 
well to mix some Dutch or Italian terrass, or pan scratch firom the salt 
works with it, but in any case the lime should be newly slacked. In carry- 
ing up the brick- work round the flues, long pieces of rolled iron should be 
bmlt in two or three courses to prevent the brick-work from splitting. 
Four holes at convenient places should be made into the flues, large enough 
to admit a boy to go in to clean them. One of them may be over the &« 
door, and another right behind the damper in the back side of the chimney. 
This last may be as high as the flues themselves are. These holes, when 
not in use, are to be built up with nine-inch brick-work, and made perfectly 
air tight Immediately above the brick- work of the boiler-setting, ,a hole 
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mast be left in the chimney on the side next the boiler. This hole must 
be as wide as the chimney, and one foot or 18 inches high, and must have 
a sliding door fitted to it, to open it more or less at pleasure ; the use of it 
is to moderate the draught of the chimney, and to prevent the flame being 
drawn up it before it has acted sufficiently on the boiler. A groove must 
be left in the brick-work for the damper to move up and down in easily, 
which should fit flat to the face of it The damper may be made to move 
easily up and down by means of a beam or a wheel, with a counterpoise 
equal to the weight of Uie damper. The best form of a fire door is two feet 
long and one foot high, inside measure, to have two leaves made of boiler- 
plates hinged on the two sides, and over-lapping one another about an inch 
m the midlde. The scantling of the frame may be three inches broad by 
two inches thick." 

We have next some directions respecting the formation of a refrigeratory 
pond for the hot water. Throwing the water up into the air in the form 
of a jet to cool it was found to be detrimental, as it charged the water with 
air, which vitiated the vacuum; — 

** If you have not land water that will naturally run into the condenser- 
cistern, you must make a pool somewhere in the neighbourhood to receive 
the water from the hot-water pump, and reserve it for supplying the boiler 
and condenser-cistern when the engine stands still on any occasion. This 
pool may be at least 40 feet long, and 20 feet wide, to hold 3 feet deep of 
water ; and pipes or troughs must be laid ft'om its bottom to the boiler, 
feed-pipe, and to the cistern. That at the feed-pipe must have a cock on 
purpose. It is only meant that this pool be simply dug in the earth and 
lin€^ with turf^ puddled, or otherwise made water-tight If no ground 
within a reasonable distance be high enough for the water to run from the 
bottom of the pool into the boiler, then a pool may be made on lower 
ground, and a hand-pump fixed up to supply the boiler and cistern ; but 
this ought to be avoided if possible." 

Next come some directions for putting the engine together : — 

** Having put the working-beam together, and fastened the gudgeon to 
it, rest it on the plummer blocks ; but do not fasten these blocks until the 
cylinder is fixed. 

^ Level the top of the stone platform, and lay the outer bottom of the 
cylinder down in its place, truly level, and corresponding to the holding- 
dcywn screw- boxes. 

'* Apply the inner bottom upon the outer one, and set its upper joint 
level, by wedging betwixt it and the outer bottom if it requires it : then 
cut out segments of pasteboard, such as is used for the boards of books (not 
such as is composed of paper pasted together); let these segments be 
of such thicknesses as the different parts of the joint may require (if it be 
more open in some places than in others). Soak these pasteboard segments 
in warm water until they become c^uite soft, then lay them upon boards to 
dry, and when quite dry put them mto a fiat pan with a quantity of drying 
luiseed oil ; warm the oil until the pasteboard ceases to emit bubbles of air, 
but take care not to heat the oil much hotter than boiling water, otherwise 
it will harden or bum the pasteboard. Anoint the segments on both sides 
with thin putty made with fine whiting and some of the linseed oil ; let the 
whiting be very dry, otherwise it will be difficult to mix with the oil, and 
N. B. that white lead will not answer in place of it 

^ You must, as much as you can, avoid using more than one thickness of 
pasteboard, and the segments should be a little broader than the flanch, 
with all the holes cut out by a chisel, but not quite so large as the holes in 
the iron. The segments should also be thinned at the ends where they 
overlap each other, so that they may form a circle of pasteboard of an 
uniform thickness. 

** To pack the piston, take sixty common-sized white or untarrcd rope- 
yams, and with them plait a gasket or flat rope, as close and firm as 
possible, tapering for 18 inches at each end, and long enough to go round 
the piston, and overlap for that length ; coil this rope the thin way as hard 
as you can, lay it on an iron plate, and beat it with a sledge hammer until 
its breadth answers its place ; put it in and beat it down with a wooden 
driver and a hand-mallet ; pour some melted tallow all round ; then pack 
in a layer of white oakum half an inch thick, then another rope, then more 
oakum^ so that the whole packing may have the depth of about four inches, 
or only three inches if the engine be a small one. Cast segments of a 
circle of lead, about 12 inches long, S inches deep, and 1) inch thick, fitted 
to the circle of the piston, and cut down square at both ends ; lay them 
round upon the packing as close as they can lie to one another without 
jamming, and screw down the piston springs upon them ; the piston springs 
should be bent downwards at the end next the piston-rod, and a little mor- 
toise should be cut in the cast-iron there, for the bent-down point of each 
of them to lodge in, which will prevent their coming forwards to touch the 
cylinder. Previous to the piston being put into the cylinder, the hollows 
among the crosses should be quite filled up with solid pieces of deal wood, 
put in radius fashion. The packing of the piston should be beat solid, but 
not too hard, otherwise it will create so great a friction as to hinder the 
easy going of the engine. Abundance of tallow should be allowed it, 
especially at first ; the quantity required will be less as the cylinder grows 
smooth. 

** The joints being all made, the regulator valves in their places, and 
their covers screwed on, but no water in the condenser cistem, admit 
■team, and when the cylinder and steam case are thoroughly warmed, screw 
up the nuts of all your screws, and caulk the pasteboard or oakum of such 



joints as may require it, with a caulking chisel, until you find that every 
thing about the cylinder is perfectly staunch; then pour three or four feet 
deep of water into the hot-water pump ; stake down the injection and blow- 
ing valves, and also those on the air-pump lid ; then let the steam into the 
condenser, which will show the defects or leaks, if there be any. 

** Screw on the steam gauge to the steam case near the nozzle, and be- 
hind the engine-man*s place ; pour as much mercury into it as will half fill 
the open leg ; put a float on it, broad at bottom, but very slender in the 
stem ; cut the float or index off close to the end of the open tube, and fix a 
scale to it, reckoning every half inch the float rises equal to an augmenta- 
tion of the elasticity of the steam, corresponding to the supporting of a column 
of mercury an inch high, because the surtace has sunk as much in the one 
leg as it has risen in the other. Solder a small copper fosset-pipe, to fit the 
copper communicating tube of the barometer, into the eduction-pipe, 12 
inches under the fosset of the blowing valve, and on the opposite side of the 
eduction-pipe ; place the barometer in the door-way to the condenser on 
the further side from the plug-tree, so that the engine-man may see it when 
at his station ; join the copper tube to it by pouring melted sealing-wax 
into the copper cup at top ; fill the short leg of the barometer with mer- 
cury, within four or five inches of its top, and put a light float in it, long 
enough to reach to the top of its frame. 

** Fill the condenser cistern, shut the lower regulator, and there being no 
steam in the cylinder, or its communication with the boiler being cut off, 
take off the bonnet or cover of the exhaustion regulator, shut that regu- 
lator, and work the air-pump by means of the brake. If then you find 
that air enters by the regulator, pour some water on it, and continue pump- 
ing until you have raised the barometer, i. e. sunk its float, to 27 or 28 inches; 
leave off pumping, and observe if the vacuum continues good» or is a long 
time in being destroyed. If it looses fast, seek for the leaks, which must 
be somewhere in the eduction -pipe, and will make a noise if touched with 
a wet hand (observe if the condenser moves by the pumping, and secure 
it). After having cured these leaks, you may try the tightness of the 
cylinder by staking the working-beam, so that the piston cannot descend ; 
then taking the cover off the cylinder, open the exhaustion regulator, and 
shut the steam regulator ; on beginning to pump, you will perceive if the 
piston be tight ; if it is not, it may be beat a little, and some water being 
thrown upon it, and on the steam regulator, whatever air enters must be by 
leaks, which must be sought fur and cured by screwing or caulking in oakum. 

" N- B. A critical tightness in the piston cannot be obtained until the 
engine has gone a few days, without beating it too hard, to permit the 
engine to move easily. When you can detect no more leaks in this way, 
the steam must be admitted, and the same examination made as before. 

** After the engine has been set a-going, and has gone a few hours, the 
holding-down screws should be screwed tight, and so from time to time as 
they become slack ; and in like manner all the other screws about the 
cylinder or nozzles should be screwed up as they slacken, and the joints 
caulked and puttied where they require it 

We have next directions for working the engine: — 

" To set the engine a-going, raise the steam until the index of the steam 
gauge comes to three inches on the scale ; when the outer cylinder is fully 
warmed, and steam issues freely on opening the small valve at the bottom 
of the siphon or waste-pipe, which discharges the condensed water from 
the outer bottom, open all the regulators; the steam will then forcibly blow 
out the air or water contained in the eduction-pipe, by the blowing-valve, 
but cannot immediately take place if the air is in the cylinder itself; to get 
quit of it, after you have blown the engine a few minutes, shut the steam 
regulator ; the cold water of the condenser cistem will condense some of 
the steam contained in the eduction- pipe, and its place will be supplied by 
some of the air from the cylinder ; open the steam regulator and blow out 
that air ; and repeat the operation until you judge the cylinder to be cleared 
of air; when that is the case, shut all the regnlators, and observe if the baro- 
meter shows that there is any vacuum in the eduction-pipe ; when the 
barometer gauge has sunk three inches, open the injection a very little, 
and shut it again immediately ; if this produces any considerable degree of 
vacuum, open the exhaustion regulator a very little way, and the injection 
at the same time ; if the engine does not conunence its motion, it must be 
blown again, and the same operation repeated until it moves; if the engine 
be very lightly loaded, or if there is no water in the pumps, you must be 
very nimble and shut the exhaustion and top regulators, so soon as it be- 
gins to move quickly, otherwise it will make its stroke with great violence, 
and perhaps do some mischiefl To prevent which, open ^e top and ex- 
haustion regulators only a little way, and put pegs in the plug-tree, so that 
they may be sure to shut these regulators long before the piston comes to 
the bottom. 

** If there is much unbalanced weight on the pump-end, you must also 
take care to put a peg in the ladder which guards the steam-regulator lever, 
so as to allow that regulator to open only a little way, and so to lessen the 
passage for the steam, when it enters to fill the cylinder, otherwise the 
rods, &c, at the pump-end may descend too fast and be prejudicial ; if yon 
find, after a few strokes, that the engine goes out too slow, the steam-regu- 
lator may be opened wider. In oilier to regulate the opening of the ex- 
haustion regulator, you should have pieces of board, of various thicknesses, 
to put under the weight which pulls it open, by means of which it may be 
made to open more or less at pleasure, and the top regulator may be 
managed in the same manner. 
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** Should the engine work with two great violence, on account of its 
being underloaded, yon may correct it by giving the top regulator a lesser 
opening, and shutting it at such a part of the stroke as will just give the 
piston sufficient force to come to the bottom. Whenever the top regulator 
is used, the exhaustion regulator should be thrown fully open every stroke, 
in order to give a firee exit to the steam, on which a great part of the good 
effects of the top regulator depends. 

** The engine should always be made to work full stroke, that is until 
the catch-pins come within half an inch of the springs on each end, which 
is easily managed by an attention to the pegs. Care must be taken that the 
piston rise high enough in the cylinder when the engine is at rest, to spill 
over into the perpendicular steam-pipe any water which may be condensed 
above it ; for if any water remain there, or in any other part of the cylinder 
while it is working, it will very much increase the consumption of steam. 
When the engine is to be stopped, shut the injection and secure it ; put a 
peg in the plug-tree to prevent the exhaustion regulator from opening, and 
take out the peg on the other side, so as to allow the steam regulator to 
open and to remain open ; otherwise you may have a partial vacuum in the 
cylinder, and it may be filled with water from the injection or leakages, 
which is a troublesome accident. The top regulator should also be open 
while the engine stands. 

** When an engine is in tolerable good order, it will bear to stand ten 
minutes, and go to work again without blowing afresh ; and thongh it has 
stood two or three hours, if there has been any steam issuing from the 
boiler, and no air has been admitted into the cylinder, it will generally go 
off with once blowing for about a minute. 

** If you find, after following the above directions, that the en^e does 
not go to work, shut the exhaustion regulator, and give some injection ; if 
it then makes no vacuum, it is likely there are air leaks about the eduction- 
pipe ; if it does make a vacuum which remains but a short time, it may be 
owing either to air or water leaks; these may be distinguished by blowing 
as before, and shutting the lower regulator for about a minute, without 
giving any ii^ection. If^ upon opening it again, it throws out a good deal 
of water at the blowing-pipe before it blows steam, it is certain that it 
either has some leak in the condenser under water, or that the iijection 
or blowing valve does not shut close ; if they are found to shut close, every 
joint should be examined, and also the valve at the foot of the eduction* 
pipe. 

** If^ after blowing as before, you find that immediately on opening the 
exhaustion regulator, a quantity of air is thrown out at the blowing-valve, 
the leak is in the eduction-pipe somewhere between the surfl&ce of the 
water in the cistern and the nozzle. The particular place of these leaks 
may be found, by emptying the cistern of water, putting three or four fieet 
deep of water into the hot-water pump, and staking down the blowing and 
injection valves with those on the air-pump lid ; then, if steam be admitted 
into the eduction-pipe, it will come out at the leaks, and point them out 
If not found out in this way, apply the brake to the air-pump, taking care 
first to put some water on its bucket, and then by working that pump by 
hand, you will probably, on an attentive examination, observe where air 
goes in, which may be known more distinctly by wetting the place 
suspected. 

** If upon shutting the lower re^^ulator and making a vacuum in the ex- 
haustion pipe by pumping, or by mjection, you find that vacuum continues 
good for a considerable time, then the fault does not lie in the eduction- 
pipe, but in the nozzle or joint of the cylinder bottom, where it must be 
sought for. 

** In these examinations by pumping it is proper to take off the bonnet 
or cover of the exhaustion regulator, and to examine if air enters at that 
regulator; if it does, and only in small quantity, throw some water on the 
regulator while you are examining the eduction-pipe ; and when the leak 
is suspected to be in the bottom joint of the cylinder, or in the lower nozzle, 
you must throw some water on the steam regulator, and also on the piston, 
then, by pumping and strict examination, you will soon find where the air 
enters. When you are examining the tightness of the piston by pumping, 
you must stake the beam, so that the piston may not descend. 

** If in course of working you do not find the vacuum keep good, and 
the engine goes sluggishly, or stops and requires to be blown frequently, 
you must examine whether an uncommon quantity of air or water issues 
at the hot- water pump, or if any comes out at the valves on the air-pump 
lid ; if the quantity of air is great, the engine has some air leak; and if the 
quantity of water be great, and is rather cooler than usual, it proceeds from 
a water leak in the condenser ; if the quantity of water be great, and at the 
same time ver^ hot, it proceeds firom a bad piston, or from the steam regu- 
lator not shuttmg close. 

** The engine will also go badly if the air-pump or water-pump buckets 
or clacks strip the water, that is, let it pass by them. You wiU know if 
this be the case with the water-pump bucket, by observing whether the 
water follows down after it at the return of the stroke, and leaves a part of 
the pump empty ; if it does not, either the bucket strips the water, or the 
engine receives water in some way which it ought not 

** Attention ought to be given to feeding the boiler in a regular manner, 
tliat it may not be spoiled, nor steam wanted. Wht'U there is too much 
water in the boiler, the engine will not work regular, and if there is too 
little, the sides of the boiler will be burnt by the name in the fines. If by 
accident it should at any time run a little too low, the feed should be aug- 
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mented, so as to fill it gradually; for if you run in too much at once, yon 
will check the steam, and stop the engine ; but if it be run very low, stop 
the engine, open the puppet clack, and fill the boiler from the pool or re- 
servoir, if you have one ; otherwise fill it by working the air-pump, having 
first staked down the valves on its cover, and opened the injection- valve. 
In working the engine, the steam ought to be strong enough to make the 
index of the steam gauge stand half an inch high at least, otherwise air 
will enter at the joints of the boiler, &c, and spoil the vacuum, so as to 
cause a good deal of trouble to get quit of it again. Therefore if you per- 
ceive the steam gauge to be lower, stop the engine until it rises again. By 
a little attention, you will find the proper opening of the feeding-cock for 
any rate of working. 

** Let all the coals employed to feed the fire be thoroughly watered just 
before they are thrown on, as that will prevent their being swept into the 
fines by the draught of the chimney. 

^ The fire sho^d be kept of an equal thickness and fVee fh>m open places 
or holes, which are extremely prejudicial, and should be filled up as soon 
as they appear ; if the fire grows foul and wants air, by clinkers collecting 
on the bars, they must be got out with a poker, but the fire should be as 
little disturbed in that operation as possible, and ihe greatest care taken not 
to make any coals or coke fall through which are not thoroughly con- 
sumed; it is very common for a fourth of the whole coals to be wasted in 
this manner, by mere carelessness. When the fire is newly made, the 
damper should be raised a little, so as to let off the smoke freely, but 
shoiUd be let down to its proper place so soon as the smoke is gone off. 
The air door in the chimney should be always open more or less ; it pre- 
vents the fiame from being sucked up the chimney, and very considerably 
increases the effect of the coals. Once a month the boiler and flues ought 
to be cleaned, or oftener if the water be very sulgect to incrust the boiler. 
Every morning the ashes ought to be taken out, the engine-house swept 
clean, and a view taken of every part of the engine, to see that nothing be 
working out of its place, or want oiling. Particular attention ought to be 
paid to the bolts and cutters of the great chains and piston rod, so that 
none of them get loose. 

** An engine, when in good order, ought to be capable of going so slow 
as one stroke in ten minutes, and so fast as ten strokes in one minute ; 
and if it does not fulfil these conditions,, somewhat is amiss that can be 
remedied. 

** The hot water should issue of the heat of 96 degrees of Fahrenheit's 
thermometer, that is, blood warm, when the engine is in excellent order, 
and should never exceed the heat of 110 degrees, unless when the ix^ection 
or cold water is hotter than 70 degrees, and in that case the vacuum will 
not be good. 

** To make putty for making or repairing the joints : — Take whiting, or 
chalk finely powdered, dry it on an iron plate, or in a ladle, until all the 
moisture be exhaled ; then mix it with raw linseed oil, and beat or grind 
it well, adding more oil or whiting, until it be of the consistence of thick 
paint, and perfectly free from lumps or ine<][ualities. 

** For some purposes, where the putty is wanted to dry and to be very 
sticky, use painter*s di^^ing oil, which is made by boiling the oil with a 
small quantity of litharge or red lead. 

** Where the putty is wanted to continue always soft, mix about two 
ounces of butter or common salad oil with each pound or pint of the lin- 
seed oil. This soft putty is principally useful in the caulked joints of the 
eduction-pipe, above water. — N. B. Yrhite lead will not answer in place of 
the whiting. 

** No wet cloths should be suffered to be lud on the cylinder, boiler, or 
steam-pipes, and every part containing steam should be guarded as much 
as possible from the influence of cold air or water. 

" The proper grease for the piston and cylinder stuffing-box is melted 
tallow, and for the chains, gudgeons, &c, common Spanish olive oil (called 
salad oil), which, for some uses, may be thickened by dissolving some tallow 
or butter in it by means of heat Linseed oil should never be used as 
grease, as it dries and creates more friction than would have been without 
It Hogs' lard, or train oil, if applied any where about the cylinder, or 
where it is hot will thicken like linseed oil When the oil or grease about 
the great chains, or any of the working parts, grows clotted or very thick, 
it should be scraped off before new grease is added. 

** An improvement has lately been made in the covering boiler tops. 
The setting being built up to nine inches above the flues as usual, a course 
of horse or cow dung, three inches thick, and well beat, is applied to the 
boiler top ; on the outside of that is laid some good lime mortar, about an 
inch in thickness, to which is applied a course of bricks flatwise, with their 
ends upwards ; on the outside of that another course of bricks (also laid in 
goad mortar) in the same position, but so as to break joint with the first 
course ; in which manner the covering is carried on until the whole top is 
covered, taking care to leave an opening for the man-hole : every fianch 
may be thus covered ; and when well done, it effectually makes the top 
steam tight, and also defends it fh>m cold and rain, so that a boiler-house is 
not necessary. The mortar employed must be such as stands water." 

Finally we have some '* Additional Observations," supplementary to the 
foregoing, and which are as follow: — 

*" Instead of using painters' drying oil to make the joints with, take good 
raw or unboiled linseed oil, put it in an iron pot, place it over a gentle fire 
(out of doors, but protected from rain), let it be watched as it heats, as it 
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itone or pieee of inn, foa find It it, wben ccM, of the thickneu of Uuek 
tBT or treule. Tbe pasteboards for the joints are to be soaked in this oil 
wann, or paioted over wilh it, and lud is a hot place to (nek it ap ; and It 
if also U> be naed to make the pntt^ with. 

** The oakDm with which the joints are eanlked ihonld be well ameAred 
whh the strong or thick boiled oil memiooed in Iheie addlttonal directioni. 
If the noder ride of the pipe of the inner battan does not fit oloie to tbe 
lower edge of the opeaing nude for it ia the oater botttmi, that b to (Sf, 
if the apace left there fbr pasteboard or i— nlUng ^ wider than one qnarter 
of an inch, a piece of hammered iron an lu^ and a half brtvdmntt be 
forged of sncb thicknesl as to fill ap the spftce, so as to make It dgbt by the 
help of a thickness of pasteboard aboTe It, and another below it Lead 
onght not to be used in these cases, as its eipanslon and contraction by 
beat and cold are too great. Instead of patting a prop from the noicle to 
the gronnd, it is fonnd better to pat a balance beam off tidewijs nnder the 
floor, with a short aprighc having a flat end to lake a broad bearing ander 
the nozile. The weight of the balance ahonld not snppon more tbu two 
thirds of the weight of the nozile. 

" Some people ose a plaited rope to make the joint of the cylinder lid, 
which is a bad practice; for though a plaited rope may make a joint nppa- 
rantly steam tight, yet il ha* been found by eiperience, that inch joint* 
are not air tight -, but when, by the working of the top regalalor, a pardal 
TBcaam Is prodaced in the npper part of the cylinder, they permit tome 
air to enter imperceptibly, and wiihont noiae, which, of course, passe* to 
the condenser, and by persons thit are not aware of this circam stance, maj 
be thoaght to enter at some air leak in another place. We therefore re> 
commend that this joint be always made wiib pasteboard and putty ; and 
that a strict ottendon be paid to the tightness of the stoiGng-box, wherever 
the lop regulator is used. 

In the Cornish engines, a* we have already mentioned, great diminadon 
in the consumption of fad has taken place since Mr. Watt's lime, chiefly 
by the larger application of the principleof expansion. Taylor's S5 in. 
cylwder engine, erected at the Umted Mine* in 1840, reached in 1843 an 
kTerage duty of 107 millions of pounds raised L ft. lugh with a boshel of 
coals. In this eagine the prestore of the steam is 401b., and it it cut off 
at one tenth or one twelfth of the stroke. To diminish the risk of tlraetara 
in engines using sach high steam, Mr. Sims, of Redruth, has cootriied a 
plan of double cylinder engine, which is much simpler in arrangement than 
tho«e hitherto employed. The imall cylinder here Mtuids on top of the 
large one, and the same piston-rod passes throogh both. The same number 
of Talves too that is used in common pumping-engines, suffices in thi* 
modification of the dooble cylinder plan. 

The Cornish engines are always proTided with a steam-jacket, bat 
through thi* jacket the steam does not pass in iis way to the cylmder. 
The steam Jacket is kept filled with sleam by a brooch fWim the steam- 
pipe, which is about 4 in. in diameter in large engines. Tbe clothing sp- 
plied to the cylinder is very variant; a common plan Is to inclose the 
cylinder in a brick wall, leaving a space between them ; to plotter the wall, 
and coat it with timber. The cylinder cover and cylinder bottom are nsu- 
ally made hollow, and filled with tleam : they are then carefully coated 
with non-eoodncting materials. 

The main beam of the engine otually consists of two cast-iron plates, 
bolted together, and aimed with projecting homs to catch the spring beams, 
should the piston be disposed to strike the bottom of the cylinder. From 
the beam hangs the piug-rod, by which the valves are moved by means of 
some sach arrangement a* that shown in Jig. S39. which difiers In some 
reapectt from the Cornish form. The valves of the Cornish engine erected 
by Mr. Hosking at Vauxhall, and of wbich we have given a plate, are shown 
on a la^e scale in^. 240. 241. and 24!. These valves are of tbe eqni- 

Fif. 340, 




a/iLJ 



librinm description. In 240. and 241. the valve to the left it (he governor- 
valve, by the a^jostment of which the flow of steam to the cylinder is 
regulated : the centre valve is the steam-valve, and the valve to the right 
is the equilibriom-valve. Fig. 242. represents the eduction- valve, which. It 
will be remarked, is larger than the otben, so as Co afford a free exit for the 
steam into the condenser. Three-quarten of a square inch per horse 
power is a common size fbr the steam-vnlve in rotative engines, fumiihed 
with spindle-valvei ; and a sqaarc inch and a quarter per hone power it a 
common use tar the exhanttion- valve. 

Tbe plunger-pomp i* the pomp Doivertall; naed in the Coniiah mine* 
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Bud it is much preferable to the lifiiDg-piii 



neh u it can be p&cked 



sfreah, or the packing ma; be tightened, with mnch greater tacility than 
can be done in the cue of a lifting-pump, irhile the friction ii at the uune 
time leia The shaft i> divided into a inccestion of lifts, in which the 
irater of the lowest lift is deliTered to the pump next above it, and so on in 
sncccssion until the water reache) the surface. The ptnngei-pnmp ii used 
in all these lifts except the lowest, where the lifting-pump is used, with the 
TJew of obrialing inconvenience, should the water fniBX derangement !□ the 
machinery, or otherwise, rise so high ia the mine as wonld m^^ the valves 
and barrel of a forcing-pninp inaccessible, and also on acoomit of the 
f^dlities afforded bj the lifting-pump in the drainage of the water as the 
mine is sank deeper. The plunger-pomp was invented about two ccntoriet 
ago by Sir Samuel Morland, and was introduced into the Cornish engine 
by Murdoch. Its use obviates the necessity for as targe a coonterweight 
as would otherwise be necessary \ for the force of the engine is expended in 
lifting the |>ump-rods, and the water is forced out by the weight of the 
pmnp-Tods m their descent. The pnmp-r«d« of some of the engines, 
however, are too heavy for the engine to hfi, and part of llie weight baa to 
be taken off by one lever or more, provided with coonterbalance wei^It, 
placed either at the sur&ce or in some convenient nde excavation. 
The main pump-rod of Davy's engine at the Consolidated Mine*, is one- 
third of a mile m length, and weigh* tb tons. The other rods weigh 40 
tons, making a total weight of 135 torn, of which 39 only are wanted to 
balance the water in the pump, and the greater part of the remaining 96 
isbalancedby weightedlevera, oras the;aretermed,*'balance bobs". The 
main pump-rod is usually composed d balks of Memel timber, and at 
intervals down the aides of the shaft prelecting pieces are bolted on, which 
catch upon suitable timbers let into the sides of the shaft, to prevent the 
rod from descending too &r in the event of ftaeture above. The rod ia 
guided at intervals by appropriate frame*. There is something rather 
primitive in these expedients, and it qipean to ns not improbable that the 
whole of this cumbrous apparatna will hereaftei be superseded by ma- 
chinery operating by almospberio preamre, whereby the pump-rods will 
be rendered superfluons, or el*e by the ceutrifogal pnmp ; and a tmall 
engine, working M a quick speed, will mfflce fbr woiking soeh an ap- 

We have already given, in our remarks npon the tntject of boilers, the 
chief renilti of the Cornish practice as regwd* the economisation of foci. 
Into that qnestion we need not again enter, but may here sive the resnltl 
--'- 'by Hr. Enysof the operation of some of the principal Comith 
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A boahel of coal «h cttimtted hj Hr. Watt lo vcigb 84 lb. : the Wekh 
eocl, howcTcr. is denier than the oUier kioda, and a bnihel of the ooal now 
nied in Cornwall veighi S4 lb. 



We hsie already eipretied our belief that rotatiTe beam.enginea mnit 
tie tapeneded, even for land purpoaei, either by thti oiciUa^K or aome 
other Ipecie* of direct action engine ; nererthelesi, aa all penons may not 
be of thii opinion, and as tiiia Bapercession hai not vet taken place, ve 
think it neceuary to f^re Ibe chief detaili of a rotatiTc engine, and hate 
■elected an eagiQe of Meiira. Caird'* for Ihii porpoae, represented in Jig. 
343, which is a general elevation. 

Figi. 944. and 345. are enlarged viewi of the working-beam, which ia of 
— I and ^,346. and 347. are tectioDB of the Bame. The liaea of 



Fig. 31 G. 



Fig. Ml. 




Ou beam »gr^*ith tolerable neanieu, with ttao» (, ^,„ „, 

dnnenuona. The depth of beam at the centre i« nauaU* about eqnal lo the 
diameter of the cjlinder, and the depth at the eoda ii generaJly made about 



le giTen in onr tablei of 



one-third of the depth of the beam at the centre. The length of the beam 
ii generally about three timei the leogth of the itroke, and the thicknen 
i^lh of the length. By the thickneu is meant the mean thii-fcum ; the 
edge-bead ii uiaally !( time the thickneu of the weh 

Fig. 248. i> the caat-iron main centre of the working-beam ; Jig. 94S. ia 
the cast-iron itod for the maio links ; Jig. 350. is the connecting-rod Mad 
of caal-iion ; Jig.2il. is the wmngbt-inin itnd for the air-pDmp(;J^ 
95S. ia the wrought-iroa eiod for the hot and cold water pnmpa. 
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The diameter of the end atoda of the beam ia generally made abont }th of 
the diameter of the cylinder when the atudt are of cast-iron, and -Xfh of 
thediameteroftbe cylinder when they are of wn.nght-iron ; but the larger 
proportioa ii prefa^ble, ai the wear of the biaiees is then leu ra^id. It 
a a conmion &nlt lo make bearings too small, from their proportionment 
being viewed wlib reference only to ttrength, wbereM it shoold abo ba 
viewed with reference lo wear. 
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Figt. S56. tod 2S7. repreient the mun lialu ; Jig. 258. the pUlsr of tb^ 

sin link, which ii inMrposed between the upper aod ucder brauei ; and 
figt.i5S, aeo, and S61. the upper brsu sod pUUr piste of the link. Fig. 
363. represents the gibs and cutter of the main links. The secliouBl ares 
of the maiu links is usuall; made about y^th of the area of the piston, that 
of the pi5ton-Tod being ^th. To find the proper sectiutial area of the 
nuia links, a comnion rule is to divide the sqoare of the ditnueter of tlw 
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cylinder by 144. The length of the main links is nsaallf about the same 
■B the length of the crank, which U half the stroke. The maiti beam is 
always somewhat longer than the distance between the cylinder and 
crank centres, and at the cylinder end the perpendicular centre line divides 
the versed sine equally. The angular motion of the beam is about 38 de- 
grees during the whole stroke. The length of stroke is the chord of the 
arc the centre of the end pin describes, and the verted line represents the 
amount of deviation from the peipendicolar, which il called the vibration 
of the beam. The beam being three times the length of the stroke, the 
distance from the main centre to the end gtad is one and a half times the 
length of the stroke, and with these proportions the end itud will deviaio 
from the perpendicular one inch for every foot of stroke. To find the 
amount of vibration of the end stud: — from the square of the radios in 
inches described by the stud subtract the aqnare of the length of the crank 
in inches ; extract the square root of the remainder, which dednct ftnm 
the radius in inches. To find the proper distance between the main centre 
and the centre of the cylinder: — add the above-mentioned square root to 
the radius of the lever in inches ; half their sum will be the horiiontal 
distance in inches. 

The main centre of a land engine beam is usually fixed in with keys: 
the other centre* are sometimes fixed with keyi. and at other timet the^ 
are ground in, which appears to be the preferable practice. The beam ii 
■et upon its edge, on two blocks of wood: a straight edge is applied to 
ascertain if It is nearly straight, and if bent or twisted it is brought straight 
by being hammered with the bee of the hammer, though this practice 
weakens the beam if carried &r. A cross piece of wood is put into each 
main-centre hole, upon which the central point is marked ; the beam is 
plambed, the end centres are put through, staked with wedges, and levelled 
by means of a short level with two legs passing down from the edge of the 
beam. The lengths from the main centre are next ascertained to be right, 
and the main centre is then put in, using the end centres as points to mea- 
sure from. Finally, the keys are fitted. This is the mode of procedure when 
the holes for the centres are not bored out. It is expedient to pat a centre 
line on the edge of the beam to fix the position of the studs laler^y. and thia 
is generally done. The force acting at each end of an engine-beam may be 
taken at U lbs. per circular inch of the piston, or, if the beam be supposed 
to be supported at both ends, il may be taken at salbs. per circular inch 
acting at the centre. The depth of the beam at the ends being otie third 
of the depth at the middle, to find the dimensions at the middle, divide the 
weight in poonds acting at the centre by 250, and multiply the quotient bj 
the distance in fbet between the supporta. To fitid the depth, the breadth 
being given ; divide diis product by the breadth in inches, and exltftct the 
square root of the quotient, which is the depth. It is expedient, however, 
to make main beams stronger than is indicated by any of these rales, as a 
higher presntre of steam is now used almost universally than was employed 
by Mr. Watt. In onr table of the dimensions of beams at the centre, the 
figures given are understood to represent the web of the beam, or the di- 
metuions within the beads, if the pressure of the steam be above that 
of the atmosphere. 

We now come to the parallel motion. Fr^.S63. and £64. represent the 
radius bars, and jSj^s. 265, and SGG, the parallel ban. The screws at the and 
of the parallel bars enter boles in the cross bar shown in Jiga. 967. and 
268.. and to the exterior bearings of the same cross-bar the radins-hai* an 
attached, the other ends of thoee bars being attached to studs fixed to the 
spring beams in the line of the piston-rod. 

Figt. 369. and 270. represent the hack links, the upper braas of which 



encircles the a 






stud in the beam : the middle brass rt 



lives the 



cross-head on the top of the air-pump rod, and the lowest brass c. 

with the cross-bar of back links, .^. 3GB., through the oval hole in which 
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tha air-pump rod pallet. 
Tie iwUaiial ares of the 
back links ia made the lame 
as that of the air-pomp rod, 
-which is one teotb of the 
diameter of the air-pump, 
or ooe twentieth of the dia- 
meter of ibe cylinder. The 
sectional area thereCbre of 
the two hack links tabea 
together is eqnal to the area 
ot a circle one tveutieth of 
the diameter of the cylin- 
der] but iti practice the; 
are generally made of 
somewhat stroager propor- 

We hare alresdj given 
M page 18. an explanation 
of the manner in which the 
parallel motion acta, and at 
IKLge 100. we have given 
rulea for computing the 
leogtha of the principal 
rods and lerera, while at 
pages 136. and 154. we 
bare given the strengthl 
of the parts in engines of 
different powen. The beat 
proportioDmenl of the pa- 
rallel moliona of land en- 
gines, and that now fol- 
lowed unif eraally, coasiits 
in making the radios and 
parallel rods of exactly the 
same length, and this length 
equal to half the radius of 
the great beam. The Itud 
from which the back links 
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■ertical line aa the centre of the cylinder. To 
find, therefore, the nght position for those studs, measure down perpendi- 
cularly fhim the centre of the end itnd, when the beam ia level, to a dis- 
tance equal to the length of the main or back links, aud at this distance 
draw a horiiontal line on the inner lidea of the apring beams. Tbeo set 
off fhtm the main centre ou this line the diatanee between the main centre 
and centre of the cylinder : the point of intersection is the right position 
of the Btuda in the apring beams to which the radiui or bridle rods are 
I attached. In Mr. Watt's early engines the radius roda were made longer 
than the parallel rods, and were attached to a shaft which passed across 
' between the spring beams clear of the eod of the working beam ; hot the 
I uuTenal practice now is to introduce itnda into the spring beMUi, wherebf 
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tbe psroUel &nd radius liara m&j be made of the Mine teagtb, and thii i« in 
emy way a preferable airuieement. 

The back linka uid the main linlu are alwayg of the same length, and 
their length vai, according to Mr. Watt'i practice, three-KTentha of the 
stroke, but they are now generoll; made half the length of the stroke, or 
the length of the crank, a* we have already stated. The air-pomp eroM 
head ii inierted in the back links at the middle of their length. This 
point in the back links morea, it is obrions, in tbe Tertical line, for as the 
top of the linki fbUowa the mo^on of the main beam, and the bottom that 
of the Tudins bars, which have the aame radius and the aame length of 
motiaa aa the stud in the beam thna which the lioks are suspended, the 
central point of the linki will have motion in a curve equally removed 
fhnn that of each end, which will be a straight line very nearly. The line 
traced by the parallel motion i» tiot precisely a gtraight line, hut a speciei 
of S carve ; it approachea to a straight line, however, with sufficient near- 
ness for every practical pnrpoie. Notwithstanding tbe elegance of the 
parallel motion, as an expedient for maintainiDS the perpendicular position 
of the piatou-rod, it is questionable whether guides are not to be preferred. 
Id America they are very generally used, even with very long strokes and 
very short beams ; and in some of the steam vetsela in this country they 
have been substituted with advantage. The adjustment of parallel motions 
is a difficult task in the bands of ignorant perwus ; and nolesa the parallel 
iDotion be very true it will be difficult to keep good packing in the stuffinf^ 
box, and tbe cylinder will speedily be worn oval. If guides be nsed, it 
appears to as expedient that they sbonld consist of strong round rods, and 
thai the eyes at tbe ends of the cylinder cross-head shonld be formed into 
stuffing-boxes, which may be tightened up when the boles wear. The ends 
of the rods must rest in sockets cast on the cylinder, and tbe cylinder 
cover should not be made tight with gasket, which may be compressed 
more in one part than in another, but should be formed with a metallia 
joint If a parallel motion, however, be preferred to tbe guides, we should 
suggest ill being made in fewer pieces. We see no use whatever in 
making the main or back links to consist of pillars and stn,ps. Engineers 
have become wedded to this species of architecture, and the combination is 
aatisfbctory to their associations, but unbiassed judges, we humbly conceive, 
would prefer suitable pieces of solid iron, with boles and brasses in the 
right places. If gnide-rods be used, however, such as we have suggnted, 
it will be necessary to make the lower portions of the main links with 
straps and cutters, aa in the connecting-rod of a marine eogiue ; as the 
stuffing-boxes at the ends of the cross-bead, for tbe reception of the guide- 
rods, could not be passed through bolea iu the links. 

^uft- 271. and 373. represent the air-pump cross-head, which fits into 

the central brasses of the back links. Fig. S7S. is the pillar which fit* 

Figt. 211, 273. 




between the brasses i aii/ig: 
274, 279. and 276., are differ, 
ent views of tbe brasses, &c 
of the air-pump cross-head. 
The proportions of 

Cof parallel mot 
already given in page 
136! the parts appertaining 
to the air-pomp are made of 
the siie (bat would be requi- 
site for a cylinder of the 
same diameter. 

Figt. 277. and 97S. are 
views of the connecting-rod. 




leable iron connecting rods are now coming into 
use for land engines, and they are in every way 
preferable. When the connecting-rod is of cast- 
irou, of the form represented in the figure, the 
breadth across the arms of the cross is made about 



the cylinder. Fig. S79. shows t 
tional area at centre. The length of the connect- 
ing-rod ia generally made abont three limes the 
length of die stroke. The diameter of tbe crank 
pin is about one sixth of the diameter of the cy- 
linder, and is generally made of cast-iron in land 
engines. Tbe gndgeons of water wheels are 

generally loaded with about SCO lbs. for every circular inch of tbdr Inni- 
verse secliau, which is nearly the proportion which obtwns in the end studs 
of engine-beams, bnt the main centre is usually loaded beyond this propoi^ 
tion. To find the proper vie of a cast-iron gudgeon adapted to itistain a 
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giTBn weigbt, maltiplf the velght in ponnds hj the inteoited length of 
uanng eipresied in tenng of the diameter, divide the prodact by 500, and 
extract the sqaare root of the quotient, which is the diuneter in incheB. 
For malleahle iron the operation is the isme, hut the diTisor may be made 
1000 instead of SOO. Tbne ttrenj^ths are not intended to resitl tonion, hut 
are those proper for pidgeons. Eiperimenti npon the force reqoiiite to 
tviat off cait'iron necliB ihov, that if the cube of the diameter of the neck 
in inehei be mnltiplied by B80, the prodact wiLl be the force of torsion in 
ponnda which vill twist them off when acting at 6 inches radius. The 
ttrcDgth for cast-iron crank shafts ma; he deiemuned hy multiplying the 
■qnareof the diameter of the c^rlinder in inches by the length of the sirolie 
in feet, multiplying by the decimal 'IS, and extracting the cnbe root of the 
product, wbich is the proper diameter of the shait-neck in inches. This 
rale has reference not merely to torsion, but also to the itrength as a gud- 
geoD necessary to sustain the fly-wheel. 

We hare already, in pages 157. and 165., given rules fbr determining the 
proportions of fly-wheels. Messrs. Fenton and Murray use the following 
mle for determining the weight of the fiy-wheel, which i* simpler perhaps 
than those we have given ^- — Multiply the number of hones power of the 
engine by 3000, and diride the product by thn square of the velocity of the 
circtimference of the fly-wheel in feet per second r the quotient is the 
proper weight i^the fl^-wheel in hundred weigbls. To find the weight of 
the rim of ft fij-vheel in pound*, multiply the meui diameter of llw rim in 



feet by the area of its trensvene section in sqnaw hehea, and multiply the 
product by 9'817 lbs. This gira the weight of the rim in [loiinds when 
the sectional area is determined, as may be done by the nde given at page 
157. Mr. Farey gives tiie following rule for determining the proper quan- 
tity of cast-iron in a fly-wheel in cubic feet: — Multiply the mean diameter 
of the rim by the number of its revolution* per minute, and square the 
product for a divisor ; divide the number of horse power exerted by tho 
engine by the number of strokes the piston makes per minute ; multiply 
the quotient by the constant number S,7fiO,000, and divide the product 1^ 
the divisor fbund as above. The quotient ia tlte requisite quaotity of cut- 
iron in cnbic fset to fbrm the fly-wheel rim. 

In large engines each arm is cast separate, and after having heen fitted 
to the central boss, the rim of the wheel is fitted to the arms in segments. 
In small engiDe^ such as that of which the fly-wheel is shown in ^.280., 
an arm and a segment are generally cut together. In mill engines it ap- 
pean expedient to work with a short stroke and rapid piston, whereby the 
fly-wheel is made more efiectual, or a smaUer one will suffice. Combined 
oscillating engines, working with a hi^ speed, wiU probably come into 
eztensife use for turning mills ; and if the arrangements be judiciouly 
made, the fly-wheel may m time be dispensed vrith altogether. 
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process : il is prerersble, we concoive, lo grind 
them upon the shaft, aud then lo fix tliera by 
meaas of a slrong squiire key, such as that 
■hoHn In^. 2S2. In cranks vrbicb are pal on 
hoi il is enpedienl lo recess the crank eye a 
Utile, so as to enable the collar upon the shaft 
to enter il, as the crank contracts sidenays in 
the act of coaling ; and unless the collar be re- 
cessed, a space will be left between it and the 
crauk eye, which will be a disfigure men I. The 
it will be remarki-d. is mode slightly 
ii fixed in by means of a key. 
As nearly all rotalire bod engines fpve mo- 
uon 10 mill-work, we shall here give some rules 
for proponionlng Che tetiih of wheels. The 
diameleri of bxKbed wheels should always be 
toeb u to enable a nniaber of teeth lo be in 
acuon at the same time; and piaioos should not 
have less thaa thirty or forty teeth to enable 
them to work salisGictDrily. Bevelled wheels 
act better than spur wheels, and wheels with 
internal teeth better than either ; for Che more 
nearly the lines of motioa approiimale, with 
the less velocity and shock will the teeth come 
together. Wheels are usnally made with one 
tooth more or less than a number chat will di- 
vide the teeth of each equally : this tooth is 
called a " hunting cog," and its effect is to bring 
every tooth of the one wheel successively in 
contact with every tooth of the other. In speeds 
above 220 feet m the minute, wooden teeih 
should be introduced in the larger wheel, and 
these teeth should be a little thicker than the 
iron teeth, to make them of equal airength. 
To find the proper dimeusions of the teeth of 
a cast-iron wheel which is required to transmit 
» given power, Mr. Farev proposes lo multiply 
the diameter of the pitch circle in feet by the 
number of revolutions to be made per minute, 
aod reserve the product for ■ divisor. Multiply 
the number of horse power to be transmitted by 
340, and divide Che prodncC by the above divi- 
sor: the quotient is the Strength, If che pitch 
be given, to find the breadth divide the above 
strength by the square of the pilch in inches ; 
or if the breadth be given, theu to find the pitch 
divide the strength by the breadth in inches, 
and extract the square root of the qootieat, 
ir the teeth in inches. Mr. Hick gives the fol- 
lowiog rule fOr computing the power that the teeth of wheels are capable 
td tnuumitting: — Multiply one fourth of the square of the pitch in inches 
by the breadth of the teeth in inches : che pro^ict is che number of horse 
power chat Che teeth will transmit when the pitch line passes ihrough 4 feel 
per second. The length of the teeth, or their projection from the rim of 
the wheel, is usually about five eighchs of the pitch. The breadth of teeth 
▼aries from IJ 10 4 times the pitdi, the greatest breadth being made where 
there is the greatest liability to wear. If ooly one pair of teeth be lup- 
pOMd to be in caatact, the force transmitted by teeth m average cases may 
be taken at fiSO lbs. fbr each square inch of surbce in contact. In several 
recent instances wheels have been made in steps, or a wide wheel has been 
compoonded of several narrow wheels set in contact on the same shaft, 
but the teeth of each slightly in advance of che teeth of the next sbc- 
«eeding, so that che pitch is divided, aud che QBCessary strength is recon- 
ciled wich what is virtually a fine pitch. 

Tigt. !SS. and SS4. are representatioDs of the eccentric rod, and fi^ 
985. to S89. are views of the several parts of the governor. We have given 
in page 168. rules for determining Uie proportions of goveniora, and the 
arrangenieiit of the parts here figured will be apprehended by a reference 
to J^. S43. Fig. SSG. is the upright revolving spindle on which Ibe ci^lar, 




vluch is the proper pitch fa 
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Fig. 386. Fig. 9S7. 






«lio«o tn wction wilh lixeg in j5j. 888.. ilidei, ind 
tbe CDired guide, /j. 289., is fined. From the top 
of the Bpindle, Jig. S85., the ano», fy. a86., ire 
futpended, vith (he balls at the end, the arnu moving 
in the ilit in the curred guides. Jig. 389, The di- 
vergence or collapie of the baUs caoses the collar to 
slide up or dovn on the spindle ; and through a slit 
■ho«n in the spindle (which is hollov), thii tnovc 
rnent is communieiied to a rod slidiog viibin it, 
which, hya suitable altaohment, moves the throttle- 
Talve. This arrangement of govemor it very neat 
ud convenient. Bad commendi iuelf to general adop- 

Means. Bonltoa and Watt have supplied as vith 
srtatement of the speed of the piston in their en- 
gines of different powert, and it is aa follows : - 



Length of stroke - - a 
No. of strokes per minnte 40 
Feet mvel led per minute 160 
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These speeds agree with those given by Mr. Firey, in k t«M«, from 
which the foUowiag is an eitracti — 
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Boulton and Watt a . 
the maimer in which they formerly treated the sobject, tl . . _ 

oniform pressure of 7 lbs. on the sqnare inch, as a preferable clement of 
computation. The effect of this substitution is to make small engines of s 
somewhat greHter nominal power than they formerly were reckoned a^ 
which, since the nominal power is now a commercial unit, u well aa k 
scientific one, is convenient in approximating the price per boi«e-power of 
the different sizes. The speed of the piston in feet per minute is abont 
12S timet the cube-root of the stroke; ind, ai has already been men- 
tioned, the nominal horse-power of an engine may be fbnnd by moltiplying 
the square of (he diameter of the cylinder in inches by the enbe-root ctf tha 
stroke in feet, and dividing by 47. To find how many millioDS of poondt 
are raited 1 foot high by the consump^on of a bushel or 84 lb. of coal:— 
Divide 166'32 by Uw number of pcnndt of coal contnmed per how bj 



raeh bone power : the qaotient ii the muabfr at millioni of poaiida railed 
1 foot high bj the consump^ou of 84 lbs. of cosL A bushel of Hewcaitle 
coal -will wei^h a1>out Si lbs., bal the Welsh coal is heavier. 

If a cubic inch of vater be supposed to prodace a cubic fbot of steam, 
and the latent heat of steam at S12° be taken, with Ur. Watt, U 960°, or, 
in other words, the cubic foot of steun be supposed to contain as much beat 
iu the latent form a« would raise (he temperature of the cubic inch of water, 
if it could be preTcnled from expanding, 960°, then the Bum of the latent 
and sensible heats will be represented by 1172°. The temperature of the 
water discharged by the air-pump is about 100°, which, taken from 1172°, 
leaTes 1072°, which most be taken np by sneh a quantity of cold water 
that its temperature will not rise above 100°. If the temperature of Che 
iqjection water be 50°, then the difference between that and 100°, via. S0°, 
is available for the absorption of the heat; and 1072 divided by SO ^21-44, 
which is the niunber of times the quantity of injection water must exceed 
the quantity of water in the steam. To condense a cubic inch of water 
therefore in the shape of steam, 21-44 cubic iocbes of injection water are 
necessary i but inasmnch as the water may not always be as cold as 30°, 
Hr. Watt's practice was to allow a wine pint, or SS-9 cubic inches of injec- 
tion water for ererj cutric inch of water converted into steam. The capa- 
city of (he cold-water pomp is nsually made irom one (hirty-siith to one 
forty-eighth of the capacity of the cylinder. The injecdon orifice should 
have an area of about one fifteenth of a square inch per horse power. The 
capacity of the hot-water pnmp shonld be about one 240th of that of the 
cylinder, supposing that the engine is double-actins, and the pump single- 
acting. The air-pump is usually made half the diameter of tbe cylinder, 
and half the stroke, or one eighth of the capacity. The power requisite to 
work the air-pnmp is from one thirtieth to one fortieth of the power of the 
engine. The openings through the foot and delivery valves are made of 
about one fourth of the area of the pnmp. The internal diameter of the 
steam-pipe may be found by dividiug the horse power by % and extracting 
the square root of the quotient. We shall reserve what we have to say on 
the subject of bolts until we come to speak of (he holding-down bolts of 
marine engines. 

There are many other kinds of parallel motion besides those which we 
hcve mentioned, bnt there are none of them of sufficient importscce to 
<nitt^ a lengthened descriptioiu Fig. 290. represents a species of parallel 



Fig. 290. 



Detail* <^ Engines. 21S 

or link; but a slide works slaek sideways, and is not satis&ctory in practice. 
The combination might be improved l^ causing the sliding ends of the rods, 
which in some cases are used instead of a lever, to work into stuffing-box 
tubes hung on a centre, so as to enable tbem to swivel. The rods, so soon 
as any wear took place, could be tightened afresh by screwing up the 
packing. 




motion inveaied by Mr. James While, and published in his " New Century 
of Inrentions," in IBOI. It depends on the principle that an encjctoidd 
curve, formed by one circle rolling within another, becomes a straight line 
when the diameter of the outer circle is just twice that of (be mner one. A 
large wheel, with teeth on its inner circnmference, is fixed on a frame 
concentric with the axis and circle of the crank. A wheel with 
external teeth is fixed fr^xly on the crank-pin and the point of attach- 
ment of the piston-rod. By this arrangement the small wheel ia com- 
pelled, by (he pressure of the piston-rod upwards, to roll round the 
great circle, ascending on the one side, and descending on the other, so 
that the distance of the end of the piston-rod {mm the point of contact of 
the circles is always equal to the distance of the circle from the diameter. 
The fault ot this species of parallel motion is, that the socket in the centre 
of the revolving wheel is exposed to a strain equal to twice that on the 
piston, and which it cannot conveniently be made long enough to resist, so 
that it is liable to break or speedily shake loose. In ibe place of dirrct- 
action engines, larioDS modiGcstioos of the parallel motion wilt be observed. 
In the Gorgon engine, by Messrs. Seaward, the parallel motion ia formed 
by the appUcalioQ of a radiiu-bar to the air-pump lever, whereby one radius 
ia mads to counteract the other — the centre of the lever retting upon a 
jointed pillar, in orderto enable thecylinder end of the lever to move up and 
down in a vertical line. Thia species of parallel motion is sometimes made 
with K horiioatal tUde fbr the centre to move in, instead of a vlbraling piilar 



Oflinder. — In the marine engine the cylinder-bottom is more frequently 
cast in, than in land engines, and a plug <rf' metal is fitted in(o a hole in the 
centre of the bottom, which is left to allow the boring-bar to pass through. 
It is necessary that the cylinder should be bolted very firmly Co the sole 
plate, as in engines which exhaust at the under side of the valve-casing, an 
air-tight joint has to be made between the sole plate and the part of Ihe 
cylinder-bottom next to the valve. A cylinder of about 6 feec diameter ia 
nsually made about Ij inch thick, and the metal should be hard as well 
as solid. Messrs. Maudslay's practice in side-lever engines is to cast the 
cylinder-bottom in, up Co 60 inches diameter, and above that size they pre- 
fer casting the cylinder open at the bottom, and making the bottom out of 
the sole-plate. A projection is cast on the sole-plate, to go a certain dis- 
tance into the cylinder, with a space hollowed out for the cylinder-port. 
The bottom joint should not be of rust, but me^ Co metal — the bottom 
flange of cho cylinder and the place on which it atanda on the sole-plate 
being both faced in the boring-mill. The cylinder-cover should fit so 
nicely as to be tight, by interposing a piece of lead or a ring of wire ganae, 
smeared with while or red lead. In oscillating engines the cylinder-bottom 
is generally cast in, whatever be the siie of the cylinder. 

The valve-casing should be attached to the cylinder by means of a 
metallic joint, or, in other words, by fitting the surfaces so accurately that 
a little red lead interposed will make them tight. The valve-casing can 
thus be easily removed at any time to repair the valve faces ; whereas, if 
the joint of the casing be of rust, the removal of the casing is an operation 
of much difficulty. The attachments of the cylinder to the diagonal slay 
are very generally made too small ; that is, the surbce is too small, and 
the tiange too thick. A very thick flange cast on any particular part of a 
cylinder endang«i Che soundness of the cylinder by inducing >□ unequal 
contraction. Ii ia mach the best way Co make the flange for the framing 
thin, and the surbce large. The bolts, too, should be turned bolts, and 
nicely fitted. Some persons make them with a nut at both ends, the body 
of the bolt being made with a little taper ; and the nut which answers to 
the head is screwed up after the conical part of the bolt has been drawn 
into the bole bj the nut at the point The ohjecc of this plan is to facilitate 
the fitting; but if the fitting be well done, it is unimportant whether it it 
done in this way or any other. 

Cylinders are not now nsoally made with steam-casings, yet experiment 
has satisfactorily proved that there is a loss of power consequent on their 
relinquishment. It is not very easy to discern the cause of this loss, as 
there is more radiating sur&ce in the casing than in (he cylinder ; yet the 
existence of the loss is very certain. Mr. Watt, in some of his early triala, 
discontinued the steam-jacket; and he found the consumpCion of fuel (o be 
materially increased. He therefore again resumed it, but it has been again 
discarded in most of the modem engines, except those of the Cornish con- 
Btmction. Escape-valves, for letting out any water that may enter with the 
steam, are now nsoally employed in marine engines: they may in most cases 
be applied conveuienfiy to the ports of Ihe cjhnder, as shown in the details 
of engines of the West India packets, and may be kept shut by a spring, 
in the same manner as the safety-valve of a. locomotive. Kscape-valves 
should be placed on that side of the cylinder which is nearest Ihe side of 
the ship I so that the atlendants may not be scalded by the issuing water if 
the engine primes. The escape-valve is ahown beneath the " Plan of Cy- 
linder" in the West India mail engine details ; and to those details (he 
remarks which tbllow are Co be nnderstood to refer, except where specified 
to the contrary. In boring cylinders of 74 inches diameter, the boring- 
bar must make one revolution in about 4} minutes, so tbat Ihe cullers will 
move at the rate of about 5 feet per minute. In boring brass the speed 
roost be slower : the common rate at which the tool moves in boring brass 
air-pumps is about 3 feet per minute. If this speed be exceeded the tool 
will be spoiled, and the pomp made taper. The speed proper for boring a 
cylinder will answer for boring Che brass air-pump of the same engine. A 
brass air-pump of 36^ inches diameter requires Che bar to make one (urn in 
about 3 minutes, which is also Ihe speed proper for a cylinder 60 incbes ia 
diameter. To bore a brass air-pump 36J inches in diameter requires a 
week, an irou one requires 4S boura, and a copper one 24 hours. In Cum- 
ing a malleable iron shaft, 12] iuchcs in diameter, the shaft should make 
aWl five turns per minute, which is equivalent to a speed in Che cool of 
about 16 feet per minute. A boring-mill, of which the apeed may be varied 
fW>m one turn in six minutes to twenty-five turns in one minute, will be 
suitable fbr all ordinary wants that can occur in practice. 

Piilon We have nothing further to lay on the aubject of pistons, after 

the various specimena wc have already given. The proportion of toper 
given to the piaton-rod where it fita into the piston, in the West India mail 
engines is a good one ; If the taper be too small, the rod ia drawn through 
the hole, and the piston is split. Small grooves are turned out of this piston* 
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rod above and below the catter>hole, and hemp is introduced, in order to 
make the piston-eye tight Most piston-rods are fixed to the piston by 
means of a gib and cutter, as shown in the plates of details, but in some 
cases the upper portion of the rod within the eye is screwed, and it is fixed 
into the piston by means of an indented nut. This nut is in some cases 
hexagonal, and in other cases the exterior forms a portion of a cone, which 
completely fills a corresponding recess in the piston. But 
Fig. 291. nuts made in this way become rusted into their seat after 
some time, and cannot be started without much difficulty. 
Messrs. Id^er, Ravenhill, and Co. fix in their piston-rods 
by means of an indented hexagonal nut, which may be 
started by means of an open box key. The thread of 
the screw is made flat upon the one side, and much slanted 
on the other, whereby a greater strength is secured, with- 
out any disposition to split the nut When pistons are 
made of a single ring, or of a succession of single rings, 
the strength of each ring is tested previously to its intro- 
duction into the piston, by means of a lever loaded by a 
Tor OP DON iDAM't hcavy weight The old practice was to depend chiefly 
pitTON.Roo. upon grin£ng, as the means of making the rings tight 
upon the piston or upon one another ; but scraping is now 
chiefly relied on. A slight grinding, however, with powdered Turkey stone 
appears to be expedient, which may be most conveniently accomplished by 
setting the piston on a revolving table, and holding the ring stationary by 
a cross piece of wood while the table turns round. Pieces of wood may be 
interposed between the ring and the body of the piston, to keep the ring 
nearly in its riffht position ; but these pieces of wood should be fitted so 
loosely as to give some side-play, else the ring will wear itself into a 
groove on the piston. Messrs. Penn grind their cylinders after they are 
bored, by laying them on their side, and rubbing a heavy piece of lead, 
made to the curve of the cylinder, and smeared with emery and oil, back- 
wards and forwards by hand, the cylinder being gradually turned round, 
so as to subject every part successively to the operation. The pistons are 
also ground into the cylinders with great care, so that they are perfectly 
tight from the commencement Messrs. Penn's piston for oscillating en- 
gines has a single packing ring, with a tongue-piece, as in Messrs. Mauds- 
lay's and Messrs. MiUer^s arrangements, figured in pages 197 and 193. 
The ring is packed behind with hemp-packing, and the piece which covers 
the joint is made of sheet copper, and is indented into the iron of the ring, 
so as to offer no obstruction to the application of the hemp. The ring is 
ground to the piston only on the under edge: the top edge is rounded from 
the inside to a point, and the jimk-rin^ does not bear upon it, but the 
junk-ring squeezes down the hemp-packmg between the packing-ring and 
the body of the piston. The metallic packing of the piston consists of 
a double tier of rings, cut into numerous segments. We approve of the 
plan of adding a nut to the top of the piston-rod, in addition to the cutter, 
for securing the piston-rod to the cross-head, as shown in Jig. 291., where 
the piston-rod is 7 inches in diameter, and the screw 5 inches : the part of 
the rod which fits into the cross-head eye is 1 ft 54 inches long, and tapers 
from 6} to 64] inches diameter. The proportion of taper is a good one : if 
the taper be less, or if a portion of the piston-rod within the cross-head eye 
be left untapered, as is sometimes the case, it is very difficult to detach the 
parts fh>m one another, and we have known great inconvenience to be thus 
occasioned. 

Cylinder Cover, — The cylinder cover in plate of details is cast close, and 
a few holes are left for takmg out the core by, which holes are afterwards 
plugged up. An annular recess is left in the under side of the cover, for the 
acconmiodation of the heads of the piston-bolts. The gland of the stuffing- 

Fig. 292. 




stuffing-box of the Don Juan steamer, cylinder 68 inches diameter. This 
appears to us better than that of the West India packets : there is a great 
advantage in a deep stuffing-box, especially in the case of vessels intended to 
perform long voyages. Fig. 293. represents the cylinder cover of a Cornish 
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box If shown on a larger scale on the same plate. Fig. 292. represents the 



CTUMDBa COVn OP COKNUH BNOINB WITH LANTERN BRAM. 



engine. The stuffing-box is provided with a lantern brass, into which steam 
is admitted by a small pipe. There is packing both above and below 
the lantern brass, the purpose of which is to prevent any leakage of air by 
the stuffing-box; for even if the packing be defective, it will be steam that 
leaks in, which is condensable; and such a leak, though it will increase the 
consumption of fuel, will not diminish the power of the engine. It is the 
usual practice to interpose between the cylinder cover and the cylinder 
flange a gasket-ring as a joint ; but a joint of this kind leaks air impercep- 
tibly, and it is better to make the surfaces very true, and to interpose either 
a ring of sheet-lead or a little red-lead putty. It appears expedient to us 
that ^1 marine engines should be furnished with steam-jackets, and should 
also be furnished with spaces in the cylinder-cover and cylinder-bottom for 
the admission of steam. Large engines, too, we conceive should be fitted 
with the lantern brass stuffing-boxes. Fig. 294. represents the stuffing- 
box of the Trident, the engines of which are of the oscillating kind by 
Messrs. Boulton and Watt The extra depth of this stuffing-box is 
necessary, to counteract the tendency to 
wear ovid. This tendency, although its 
existence is undoubted, has not been 
found to occasion much inconvenience in 
oscillating engines, although great fears 
were entertained on that score by the 
adherents of more antiquated engineer- 
ing mechanisms. It should be borne in 
mind also, that even in engines with the 
ordinary parallel motion the stuffing-box 
has a tendency to wear oval, which may 
be perceived if attention be paid to the 
setting of the parallel motion. If the 
piston be moved through a stroke, the 
gland will be found to move easily upon 
the piston-rod at some points, and be 
jammed up tight in the stuffing-box at 
other points of the stroke ; inequalities 
which clearly show the existence of a 
very sensible deviation from a perfectly vertical motion. The brass dome 
attached to the gland and embracing the rod, is an exceUent addition ; it 
keeps the grease employed to lubricate the rod, from being^ spilt, and pre- 
vents grit and dust from getting into the gland, whereby in copunon en- 
gines the rod is frequentiy much scratched and injured. Metallic packing 
in the stuffing-box has been used in some engines, consisting in most in- 
stances of one or more rings, cut, sprung out, and slipped upon the piston- 
rod, before the cross-head is put on, and packed with hemp behind. This 
species of packing answers venr well when the puidlel motion is true, and 
the piston-rod free from scratches, and it accomplishes a material saving of 
tallow. In some cases a piece of sheet-brass, packed behind with hemp, 
has been introduced with good effect, a flange, notched to permit the bend- 
ing, being turned over on the under edge of the brass, to prevent it from 
slipping up or down with the motion of the rod. 

Slide-valve. — The slide-valve represented in the plate of details is that 
known as the long D. The valve-rod is attached to a cross-bridge in the 
plane of the under fece, and Ae spring upon the rod is sufficient to allow 
the valve to be tightened up as the face wears. In short D valves, where 
the valve-rod is very short, the eye which attaches the valve to the rod has 
to be made oblong, Jig. 295., or else the holes of the casing-cover have 
to be made oval, so as to enable the valve-cover to be advanced nearer to 
the cylinder, as the valve face wears. The valve-packings are introduced 
by doors at the back of the valve-casing, and are pressed by blocks, of 
which one is shown in the same plate as the valve. This block, it will be 
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remarked, is in three pieces, which are tongaed to one another ; it is pressed 
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forward by means of screiri, which ptas through a cross-bar extending 
across the packing-port,^. 296., the ends of whidi rest in two angular Ings 



Fig, 295. 



Fig. 296. 
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cast therein. The purpose of this bar is to prerent the strain requisite for 
tightening the packing from being thrown upon the packing-door, which 
would spring it out, and might cause the joint of the door to leak. In some 
cases the screws by which the packing is pressed, pass through the door, 
and are made tight by a jam-nut, with a recess, into which a turned part of 
the nut enters, as shown in fig. 297. — a hemp washer being interposed at 
the point of contact, and this we think is the preferable practice. In the 
plate, however, a different plan is shown, which is again represented in 
fig, 298. The packing-screws do not pass through the doors, but are kept 
short ; and opposite to each screw a plug is situated in the packing-door, 
which has to be withdrawn when the packing is to be tightened. In each of 
these plugs a small recess is turned out, for the reception of a ring of hemp. 
This recess is better half-round than square. 



Figs. 297, 298. 



Fig. 299. 
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Some packing-blocks are tightened sideways, by screws which are in- 
serted in the sides of the packing-ports ; but in the plate the block is tight- 
ened by its own wedge-shape point, which presses against another wedge- 
formed piece, cast on the yalve-casing, as will be understood by a re- 
ference to fig. 299. In some cases the end of the packing abuts upon 
the cylinder &ce, but generally it overlaps two or three inches in large 
engines, and a piece, a, fig. 300., is cast on each side of the cylinder- 
port, in continuation of the circle of the yalve, to furnish a sur&ce upon 
which the packing may press. By this expedient the chance of leakage at 
the comer of the valve is diminiiiied, and the length of the packing need 
not be adjusted with snch critical exactitude as is necessary by the other 
arrangement. In some engines the packing of the valve is put in like that 
of a piston, and is pressed down by means of a junk-ring, Imt that plan is 
now little resorted to. Metallic packing has been tried in D valves, but 
only with very moderate success. The kind that has answered best is a 
piece of sheet brass, thinned at the ends, bent to the shape of the valve, 
and packed behind with hemp. We believe the D valve will now give place 
to the equilibrated valve employed by Messrs. Penn, and of which we have 
already given a description at page 199. 



Fig. 30a 



Fig. 301. 
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We haveexperienced agooddealof trouble with every modification of valve 
faces ; but cast iron working upon cast iron is perhaps the best combina- 
iion yet introduced* The usual practice is to pin brass faces on the 
cylinder, allowing the valve to retain its cast-iron fiu^. Some makers, 
employ brass valves, and others pin brass on the valves leaving the cylinder, 
with a cast-iron face. Speculum metal and steel have been tried for the 
cylinder faces, but only with moderate success. In some cases the brass 
gets into ruts ; but the most prevalent affection is a degradation of the iron, 
owing to the action of the steam, and the face assuming a granular ap- 
pearance, something like loaf sugar. This action shows itself only at 
particular spots, and chiefly about the angles of the port, or valve face. At 
first the action is slow ; but, once the steam has worked a passage for itself^ 
the cutting away becomes very rapid, and in a short time it will be im- 
possible to prevent the engine from heating when stopped, owing to the 
leakage of steam through the valve into the condenser. However uuly the 
D valve may be formed at first, the face will become slightly hollow by the 
application of heat, as the circular will expand more than the straight part, 
and the packing resists the enlargement of the circle. The cross-section 
will thenefore assume something of the form shown in fig. 301, where the 
dotted line represents the original position of the fiuse ; and on examining 
a valve newly put in action, it will generally be found that it presses hardest 
on the tails. The face therefore should be made slightly rounded in the 
manufieu^ure ; and if the engine is a large one, the cylinder must not be 
faced when lying on its back, unless it has been wedged up to the form it 
assumes when standing on end, else the partial collapse of tiie cylinder will 
cause the face to become untrue. Copper steam-pipes seem to have some gal- 
vanic action on valve faces, and malleable iron pipes have sometimes been 
substituted ; but they are speedily worn out bv oxidation, and the scales of 
rust which are carried on by the steam, scratcn the valves and cylinders, so 
.that the use of copper pipes is the least eviL The valve-rod in that part 
opposite to the steam-port is often much wasted by the steam ; it therdbre 
appears expedient to surround it by a copper pipe where an injurious action 
is to be apprehended. The valve-casing shown in the plates is made close 
at the bottom, the exhaustion being accomplished by the upper eduction- 
pipe. In cases in which exhaustion is periformed from below, it is expe- 
dient to cast two projections on the sole-plate, to prevent the valve from 
£slling down inconveniently far when the valve links are taken o£ There 
is no expansion joint introduced in the valve-casing of these engines, which 
is a serious defect, as the steam gains admission to the valve-casing before 
it can enter the cylinder, and the joints are damaged, and in some cases the 
cylinder is cracked, by the inequality of expansion of the cylinder and 
valve-casing. 

In facing a valve recourse is had to the use of a face plate, to ensure the 
accuracy of the work. To ascertain whether the face plate bears equally, 
smear it over with a little red ochre and oil, and move the feuse plate slightly, 
which will fix the colour upon the prominent points. This operation is 
to be repeated frequently, and as the work advances, the quanti^ of colouring 
matter is to be diminished, until finally it is spread over the race plate in a 
thin film, which only dims the brightness of the plate. The surfaces at 
this stage must be rubbed firmly together to make the points of contact 
visible, and the higher points will become slightly clouded, while the other 
parts are left more or less in shade. If too small a quantity of colouring 
matter be used at first, it will be difficult to form a just conception of the 
general state of the surfeice, as the prominent points will alone be indicated, 
whereas the use of a large quantity of colouring matter in the latter sta^ 
would destroy the delicacy of the test the face plate affords. The scrapmg 
tool should be of the best steel, and should be carefully sharpened at short 
intervals on a Turkey stone, so as to maintain a fine edge. A flat file bent, 
and sharpened at the end, makes an eligible scraper for the first stages ; 
and a three-cornered file, sharpened at all the comers, is the best instru- 
ment for finishing the operation. The number of bearing points desirable 
on the surface of the work depends on the use to which it is to be 
applied, but in any case the bearing points should be distributed equally 
over the surfiice. Great care must be taken in fitting valve-fiices that 
the valve be not made conical : unless the back be exactly parallel with the 
face, it will be impossible to keep the packing firom being rapidly cut away. 
When the valve is laid upon the &ce 'plate, the back must be made quite 
fiur along the whole length, by draw-fiUng, according to the indications of 
a straight edge; and the distance from the ftce to the extreme height of the 
back must be made identical at each extremity. Should a hole occur either 
in the valve, in the cylinder, or any other part where the surf^uie requires to 
be smooth, it may be plugged up with a piece of cast-iron as nearly as 
possible of the same texture. Bore out the faulty part, and afterwards 
widen the hole with an eccentric drill, so that it will be of the least 
diameter at the mouth. The hole may go more than half through the iron : 
fit then a plug of cast-iron roughly by filing, and hammer it into the hole, 
whereby the plug will become rivetted in, and its surfiuie may then be 
filed smooth. Square pieces may be let in after the same fashion, tibe hole 
being made dovetailed, and the pieces thus fitted will never come out 

Brass faces are put upon valves or cylinders by means of small brass 
screws, tapped into the iron with coniod necks for the retention of the 
brass : they are screwed in by means of a square head, whidi, when the 
screw is in its place, is cut off and filed smooth. In some cases the face it 
made of extra thickness, and a rim not so thick nms round it, forming a 
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•top or recen for the reception of brass liyets, the heads of which are clear 
of the fiice. 

^cr-pioRp.--— The air-pump is attached to the sole-plate by a rust fiuicit 
joint, which is preferable to a mst flange joint, as the salt-water eats away 
the heads of the bolts, unless they are copper ; and if they are copper, they 
waste the iron. The oil and grease which fall from the crank-pin upon 
the sole-plate, deoxidise the rust of a flange joint, whereas with a faucit 
joint, smtably made, they cannot remain in the same intimate contact 
Short steel keys shoidd be driven into the fiiucit in several places before the 
joint is made, but they should not rise to the top of the &ucit soas to divide 
the joint into segments. 

The air-pump bucket is made with a junk-ring, whereby the packing of 
the bucket may be easily screwed down. The valve is of the spindle or 
pot-lid kind. The foot and delivery are of the flap or hanging kind. These 
valves all make a considerable noise in working, and are objectionable in 
many ways. Valves of the same construction as those known as Harvey 
and West's, which are similar to those shown in Jig, 242. have been em- 
ployed with advantage by Messrs. Rennie ; and valves on Belidor's con- 
struction, which is in effect that of a throttle-valve hung off the centre, 
were some years ago proposed by us for the delivery and foot-valves. 
Some delivery-valve seats are bolted into the mouth of the air-pump, 
apparently in the conviction that the pump-bucket never requires to be 
looked at. If delivery- valves be put in the mouth of the air-pump at all, 
the best mode of fixing them appears to be that adopted by Messrs. 
Mandslay. The top of the pump-lmrrel is made quite fair across, and upon 
this flat sur&ce a plate containing the delivery- valve is set, there being a 
small ledge all round to keep it steady. Between the bottom of the stufling- 
box of the pump cover and the eye of the valve-seat, a short pipe extends, 
encircling the pump-rod, its lower end checked into the eye of the valve- 
seat, and its upper end widening out to form the bottom of the stuffing-box 
of the pump-cover. Upon the top of this pipe some screws press, which 
are accessible from the top of the stuffing-box gland, and the packing also 
aids in keeping down the pipe, the function of which is to retain the valve- 
seat in its place. When the pump-bucket has to be examined the valve- 
seat may be slung with the cover so as to come up with the same purchase. 
For the bucket-valyes Messrs. Maudslay employ two or more concentric 
ring-valves, with a small lift These valves have given a good deal of 
trouble, in consequence of the frequent firacture of the bolts which guide 
and confine the rings ; but their principle appears to us superior to that of 
any of the other air-pump valves at present in common use, with the 
exception of the equilibrated- valve, known as Harvey and West's, in which 
it is preferable that the face should fall in a groove filled with end-wood. 
It would not be difficult to make this groove so that the water would have 
to be forced out of it during the descent of .the valve, whereby the shock 
would be still further diminished. It would be preferable, however, if all 
these valves could be discarded in favour of a slide-valve, which it appears 
to us might be applied to the air-pump with mnch advantage. 

The air-pump bucket and valves are all of brass, and the chamber of the 
pump is lined with copper. It is now a common practice to make the 
chamber of the air-pump wholly of brass, whereby a smgle boring suffices. 
When a copper lining is used, the pump is first bored out, and a l^nt sheet 
of copper is introduced, which is made accurately to fill the place, by ham- 
mering the copper on the inside. Munts's metal is sometimes used instead 
of copper, and Muntz*s metal air-pump rods are now as generally used as 
copper rods or iron rods covered with brass. Iron rods covered with 
brass are not to be commended ; they generally are wasted away where the 
bottom cone fits into the bucket-eye, and if the casing be at all porous, the 
water will sometimes insinuate itself between the casing and the rod, and 
eat away the iron. If iron rods covered with brass be used, the brass- 
casing should come some distance into the bucket-eye ; the cutter should 
be of brass, and a brass washer should cover the under side of the eye, so 
as to defend the end of the rod ftom the salt water. Rods of Muntz's metal 
are, probably, on the whole to be preferred; and it is a good practice to 
put a nut on the top of the rod to secure it more firmly in the cross-head 
eye. The part which fits into the cross-head eye should have more taper 
when made of copper or brass than when made of iron ; as if the taper be 
small, the rod may get staved into the eye, wherebj it will be so firmly 
fixed as to make its detachment a difficult operation. Metallic packing 
has in some instances been employed in air-pump buckets, but its success 
has not been such as to lead to its further adoption. 

Sole-plate and Condenser. — Every marine engine, of the side-lever kind, 
should be constructed with a sole-plate ; and we think it the best way that 
the condenser be cast upon the sole-plate. Engines unfhmished with sole- 
plates, and with joints between the valve-casing and condenser below the 
level of the keelsons, are extremely objectionable. Those joints, either 
firom the working of the ship — the movement of the cylinder or condenser 
i^the deoxidising effect of the oil spilt about the machinery — or the 
combination of all these causes — will be sure, sooner or later, to become 
leaky ; and it is almost impossible to remake or effectually staunch them. 
Messrs. Maudslay and Co., in their West India mail packet engines, 
bolted the condenser to the vncier-side of the sole-plate ; by which expe- 
dient the rust-joints are preserved, in a great measure, firom the action of 
the grease, and fhmi any strain or vibration consequent upon the yielding 
of the condenser or cylinder. Messrs. Miller and Co. adopted tne same 
arrangement of condenser, but cast the condenser upon the sole-plate. 



There afe very few of the engines made in Scotland in which the con ■ 
denser is not cast upon the sole-plate ; and in almost all of them the greater 
part of the condenser is situated above the sole-plate, and the main-centre 
passes through it The height of the condenser, in this arrangement, has 
the advantage of enabling the air-pump to drain it of water very effectually; 
but the same object is accomplishable by the use of a very large eduction- 
pipe immediately behind the valve-casing into which the injection-water 
IS admitted, and which thus becomes, in effect, a tall condenser. This 
latter is the arrangement of Messrs. Maudslay and Messrs. Miller. It has 
the advantage of leaving the space usually occupied above the sole-plate 
by the condenser, free and unperplexed hj any species of machinery except 
the main-centre, which is supported by pillow-blocks resting or cast on the 
sole-plate. 

The practice of passing the midn-centre through the condenser, either 
with or without a pipe, is oljectionable. A pipe is calculated to make the 
sides of the condenser crack b^ unequal contraction, and the absence of a 
pipe endangers a leakage of air round the main-centre joint The keys 
employed to fix the main-centre will sometimes occasion trouble, from be- 
coming loose ; and, in some instances, we have known a main-centre boss 
to be split, fh>m the keys being driven too hard. It all cases the thickness 
of metal requisite in the condenser sides for resisting the strain of the 
main-centre, will make the sides more liable to crack, in consequence of 
being suddenly cooled. Upon the whole, the practice of securing the 
main-centres by plummer-blocks appears greatly preferable: when the 
main-centre is made to pass through the condenser, the hole should be 
bored out, and the main-centre ground in with a little taper. It is the 
usual practice in engines which have the main-centre passing through the 
condenser, to set the hot well on the top of the condenser, and this is the 
arrangement in the engines df which we have given the details. A part of 
the hot well is divided of^ to serve as an eduction-passage for the convey- 
ance of the steam firom the superior part of the valve-casing. By tm» 
arrangement there is no danger <^ water running firom the condenser back 
into the cylinder. Projections are cast in the foot-valve passage for the 
reception of the foot-valve seat, by means of which it is keyed into its 
place ; and similar projections are cast in the mouth of the air-pimip for 
the reception of the delivery-valve. 

There does not appear to be any manhole-door to the condenser in this 
engine, which is in our eyes a defect It woidd have been easy to make a 
manhole in the curved nozzle leading from the air-pimip to the hot well : 
a door in that situation would have been easy of access firom the hot well 
manhole, and it would have always been covered with water when the 
engine was at work, so that a leakage of air could not have taken place. 
The iqjection rose-pipe runs across the condenser, near the mouth of the 
eduction-pipe. A cock, by which water may be iigected fit>m the bilge 
should the vessel spring a leak, is universally employed in marine engines, 
and is shown in the sectional drawing of the engmes of which we give the 
details, dotted in. This cock should never be furnished with a rose within 
the condenser, and should never be joined on to the injection-pipe proceed- 
ing from the sea. We have known various cases in which a vessel haa 
b^n nearly lost fr^m the internal roses of the bilge iigection becoming 
choked up with refuse drawn out of the bilge, and which, but ibr those 
roses, would have passed into the condenser and been delivered by the 
air-pump without creating any obstruction. 

Praming, — Cast-iron fhiming is now given up in marine engines, and 
malleable iron fhmiing alone is employed. Of malleable iron fiwnin^ as 
applicable to the side-lever engine, we have given a specimen in the engines 
of the City of London steamer; and of cast iron framing it is needless, 
under the circumstances, to say much. It is a bad plan, in our judgment, 
to attach the diagonal stay to the hot well, as is sometimes done, as the 
working of the stay breaks the hot-well joint It is a bad plan, too, to 
attach die framing to the sides of the ship, as the working of the ship in a 
sea will strain and may break it In iron steamers a plan now prevaila 
of running the deep beams before and abaft the crank-hatch (which are 
also made of iron) through the ship*s side, joining the extremities of those 
beams by curved cross-beams, on which the shaft plummer-blocks are 
made to rest The paddle-wheel, by this plan, is overhung, and the whole 
of the arms radiate from a triple centre. A very substantial fhuning may 
be made by adopting this arrangement and it is one which is applicable in 
the case of direct-action engines as well as in those on the side-lever plan. 
The brasses of the paddle-shaft plummer-blocks should not be made with 
fitting strips on the backs, but the whole of their exterior should be planed, 
and the interior of the plummer-blocks should also be 
planed for their reception. Brasses fitted with fitting Fig, 302. 
strips soon wear slack sideways. Octagonal bottom 
brasses are not so good as those which are square, 
as they cannot be lined up so conveniently 
shaft gets out of truth. Square-bottom brasses, 
flanges, as shown in fig, 302., we have found preferable 
to any other variety. 

Side-lever, — The drawing we have given of the side-lever will snffi* 
ciently explain its general form and dimensions. In some of the more 
recent side-lever engines, the side-levers are made of malleable iron, each 
lever being composed of two plates, set on edge, the length of the bearings 
apart from each other. The studs in the side-lever should be steeled and 
should be of larger dimensions than is necessary for strength; as if thej 
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wear OTal, they are likely to tmnt the nde-rod or eron-tail straps, whea 
the brasses are tightened up. Unless the main centre joomals be made 
spheroidal, there shoold always be large collars on the main-centre, against 
which the side-lerers may press, so as to prevent lateral play ; and the 
washers on the main-centre ends should be cam^ble of being tightened up 
against the brasses of the side-leyer eye. Without this precaution, the 
engines will jerk most disagreeably sideways in a sea-way when the brasses 
come to be at all worn. 

CroM Heads and TaUs^ Side and Connecting Bods, — The parallel motion, 
it will be remarked in the drawings of details, is attached to the cross-head, 
which is in our 6yes the best arrangement, if a parallel motion be used ; 
but parallel motions are now falling into dis&Tour, and guides are taking 
their place. The side-rod eye is fitted with a conical bush, with a spiral 
cut in it, so that it may be tightened upon the cross-head journal, by 
means of a washer drawn in by a screw. In some cases the side-rod eye 
is fitted with an octagonal brass, tightened by a cutter beneath the under 
portion; and in other cases the brass is round, and the upper portion is 
pressed down by means of a screw, which is made hoUow, and serves also 
as an oil cup. The upper piece is such as would require to be cut out of 
the brass, in order to permit the journal to come out without being shifted 
on end ; and the sliding joints of the bush are rebated, to prevent end-play. 
In the manufkcture of brasses of this kind, Uie pieces are first fitted and 
soldered together; they are then bored and turned ; and finally the solder- 
ing is loosened by the application of heat The cross-tail butts are gene- 
rally ground on to their places, and the end of the cross-tail rivetted 
over on them, a round steel pin being afterwards introduced, half into the 
cross-tail, and half into the butt In some cases, however, they are put 
on hot, as practised in the case of cranks; and in the specimen before 
us a washer is substituted for the rivetting of the end. In all cases in 
which an eye is put on hot against a collar, the eye should be recessed for 
the reception of a small portion of the collar; as we have already men- 
tioned when speaking of the cranks of land engines, as the eye in con- 
tracting sideways will leave a space between the collar and tiie eye, which, 
by this means, will not be discernible. The connecting-rod is made with a 
strap to embrace the crank-pin as is the usual practice. The connecting- 
rod top of most of Messrs. Penn*8 and Messrs. Mandslay's engines are made 
after tne same fiwhion as the Black Eagle's. Connectmg-rods made in this 
way should always have a malleable iron cap above the upper brass instead 
of having the cap and upper brass made in a piece. If the crank-pin 
heats, the brass cap will probably be cracked, and cases might be men- 
tioned in which vessels have been nearly lost fh>m such an occurrence. 

Cranks, Eccentrics, Shafts, and PcufefZes.— The cranks and shafts of marine 
engines are now always made of wrought iron. The crank is shrunk on 
the shaft hot, and a strong square key is then driven in at the part nearest 
the web, so as to obviate the weakening of the eye. The crank-pin is fixed in 
the intermediate crank, and is loose in the eye of the paddle crank, which 
is fitted with a bush, upon which the rounded end of the crank-pin bears. 
The end of the crank-pin, fitting into the eye of the intermediate crank, is 
made conical, and is drawn into its place by a cutter passing through both 
pin and eye. The rounded end of Uie pin enables the paddle shaft to fidl 
at the outer end — as it always does — without breaking the pin. In some 
cases a dra^link is used instead of the rounded pin, but drag-links are not 
SLOW much m ftshion. A very good method of fijdng the crank-pin into 
the eye is that which was adoptal in the Don Juan steamer. It consists in 
the application of a strong washer over the crank-eye, with a hole in the cen- 
tre, through which a stout bolt passes tapped into Uie pin. The washer is 
indented a little into the crank-eye, so as to obviate any tendency to move 
laterally. This plan we know, fh>m our own experience, to be a very 
efifectual one : it is unattended with any more trouble than if the pin were 
rivetted in, and it admits of the pin bein^ taken out, by merely unscrewing 
the bolt of the washer. The end of the pin inserted in Uie loose eye is of course 
made spheroidal, so as to permit the outer end of the shaft to drop a little, 
without breaking the pin. The pin is steeled on both sides of ^is sphe- 
roidal part and bears against two dovetailed steel plates. The plate situate 
on the backing side was, in the case of the Don Juan, tighten^ by means 
of a screw passing through the crank-eye. The web of t£ crank was made 
thicker and narrower than usual, the intention of the makers being, that the 
web should be capable of resisting the twist occasioned by the overhang of 
the crank-pin more eflTectually thui is done in the case of cranks whose shape 
is regulated by the supposition that the crank-pin does not overhang at alL 
There is more plausibility than soundness in this reasoning ; the fkct being 
that the strength given for the single purpose of overcoming the leverage, 
is more than sufficient to withstand the twist The cnmk-pin must be fitted 
very accurately into the crank-eye, else it will be very liable to be broken. 
The crank-pin should always be larger in diameter than is necessary for 
strength, for the purpose of keeping the journal from heating. The dimen- 
sions given in our tables will be found to answer very well, and Uiey are 
Slightly in excess of the conunon proportions. 

' We do not intend, in the present work, to go into the subject of steam ' 
iiavisation, yet we may here set down a few remarks about paddle-wheels, 
whi<Si cannot well be severed fh)m the subject of the engine. The best 
plan of making the centres is with square eyes, and each centre should be 
secured in its place by means of eight thick keys. The shaft should be 
burred up against the heads of these keys with a chisel, so as to prevent 
the keys from coming back of their own accord. Jt the keys are wanted 



to be driven back, this buirr most be eat o£^ and the keys, if made thick 
and of the right taper, may then be started without difficulty. The shaft 
must of course be forged with square projections on it, so as to be suitable 
for the application of centres widi square eyes. Messrs. Maudslay and Co. 
bore out their paddle-centres and turn a seat for them on the shaft, after* 
wards fixing them on the shaft with a single key. The plan is objection* 
able for two reasons — ^it is insecure when new, and when old is irremovable. 
One of the West India mail vessels, by Messrs. Maudslay, was almost 
disabled firom this cause on the first voyage, the key on the shaft having 
slackened, and the centre having consequently turned round ; and in some 
of the older vessels by the same makers, lately under repair at Woolwich, 
the centres had to be broken o£r, for they could not be got off in any other 
way. With this plan of centre we have often known the centres to shift : 
in one case, the wheel on the weather side was forced against the side of 
the ship, and the floats, in their revolution, cut deeply into the outside 
planking. The plan of making round bosses on the shaft, and fixing the 
centres with four keys, as shown in our plates of details, is also objection- 
able on the ground of insecurity. 

The general practice among the London engineers- is to fix the paddle- 
arms at the centre to a plate by means of bolts, y^. 303., a projection being 
placed upon the plates on each side of the arm, to prevent li^ral motion. 



Fig.30S. 
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We have found this method to be inferior in durability to that adopted in 
the Clyde, Jig. 304., in which each arm is fitted into a socket by means of 
a cutter, a small hole being left opposite to the end of each arm, whereby 
the arm may be forced bAck by a drift A preferable way would be to 
form the paddle-centre out of the arms themselves, by widening them at the 
head until they touch one another, y^. 305., and then applymg a boiler 

Fig. 305, 




PADDLS OBNTU. 



plate upon one side, and rivetting the arms firmly to it. If this plan be 
adopted, it will be expedient to swell the tops of the uncovered side at the 
part nearest the centre, so as to increase the length of bearing for the keys 
which secure the centre to the shaft In the manufacture of this centre 
the heads of the arms would first be forged, then planed on the edges and 
fitted together on the plate. The holes would then be bored for the rivets, 
temporary bolts fitted into them, and the key-seats cut and the ends of 
the arms pared in the slotting-machine. Finally, the arms would be 
welded on to the heads, and the various parts of the wheel rivetted together. 
Most of the London engineers join the paddle-arms to the outer ring, by 
means of bolts, but we cannot say that we approve the plan, for those bolts, 
after a time, generally become slack sideways, and a constant working of the 
parts of the wheel goes on in consequence. Some engineers form the part of 
the outer ring opposite the arm into a mortice, yS^. 806., and they wedge the 
arms tight in the hole, by wedges driven in on each side. But the plan is 
an expensive one, and not stUisfactory, as the wedges work loose even 
though rivetted over at the point The best mode that we have met with 
is the plan for the most part practised in the Clyde, Jig. 307., of making 
the arm with a long T head, and rivetting the cross piece to the outer ring 
with a number of rivets, not of the largest size, which would weaken the 
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Ij bjmeuii oflngi, Jig. 308-, «eld«d on the ann*, «nd to -nhich the rings 
■rerivetted. 




Psddle-floati nre luiul]; made either of elm or of pine : if of the 
former, the common iLtckneu for large tea-going veuels U about 2 j iochei; 
if of the latter, 3 inchra. They (hoald have pUCei on both lidei, else the 
psddle-arm> wilt be very liable to cnt into the wood, and the iron of the 
armi irill be rapidly watted. Whea the floati have been freih put on, they 
moat be acrewed up leveisl timet before they come to a bearing. If thii 
be not done, the bolti will be inre to get slack at lea, and all the Qoatt on 
the Teather aide may be waihed off, ai once occurred to the Brilitb Queen, 
on the next lojage aRer the floati had been removed to alloir the yeuel to 
go into dock. It u a good plan to give the thread of the paddle-bolta a nick 
with a chisel, after the nut baa been acrewed up, which will present the out 
from tumiog back. The floats should not be notched out, to allow of their 
projection beyond the outer ring; ai, if the aides of the notch be in contact 
with the outer ring, the ting ia aoon eaten away in that part, and the pro- 
jecting part of the float, being nnsapported, ia liable to be broken off. tt 
la ultud to put a ateel plate at each end of ttie paddle-shaft, tightened with 
a key, to prevent end-play when the veaaet rolla, but the arrangement ia 
precariooa, and insofflcieot Metart. Maudslay make their p^dle-abaft 
beorinss with Tery large fllleta in the comer, with the Tiew of dimiaishing 
the CTil; and Mr. R. Napier cauaea the erank-eyea of both paddle and 
btenne<Uate cranka to bear aidewaya againat the braasei of the plummer- 
blockt. It would be preferable, we coDceiTe, to make the bcaringa of the 
orank-diafb iphertndal. and, indeed, it would be an improvement we think, if 
moatof the bearisgtabotit the engine were to be made in the same fathion. 
The aphenndal form would not only prevent end-pl^, but would keep 
Ibe oil fh>m running out at the ends of the bearings. The looae end of the 
erank-pin ahonld be tnade not apheroidal, bat consiiting of a portion of a 
sphere, and a brut bosh might Uieu be fitted into the crank-eye, that would 
completely encase the ball ot the pin, and yet permit the outer end of the 
paddle-shaft to fall without straining the pm, tbe bush being at the same 
time auaceptible of a alight end-motioo. Thia arrangement is &r preferable, 
we conceive, to that of making the pin bear upon a aingte point, as is tbe 
common practice. There is an inconvenient amount of wear on tbe pin, 
which involvea a backlash in the eye, and tbe point of contact aometimea 
heals and acreechea, unless the eye be kept well supplied with tallow, 

Diiengagiiig PitddU- Whtdt. — Many plana have been contrived for dia- 
engaging the paddle-wheela of ateamera, ao aa to enable one paddle to be 
worked without the other, or both paddles to be thrown ont of gear, so aa 
to revolve loosely when the vessel is under aalL The beat of these expe- 
dients that we are acquainted with i* that represented in j^ 30B, 310., where 
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portion occupied by the caehion ; ///, screwa by wbicb the bi 

la held to the strap. A few blows of a hammer on the key D will connect 

or diaconnect the paddle-ahaf^ even when the engines are at full apeed, 

Messrs. MaadsUy'a method of disconneetiDg is to shift the shaft on end 
by suitable gear, until the crank-pin leaves the crank-eye. Messra. Miller's 
method is to pat a clutch on the shaft, which catches into the paddle centre 
— the whole of the three centres being combined into one diverging one. 
which runs loose on tbe shaft. A method contrived by Mr. Qrsntham is 
represented in,|^. 3 11, 3 is, 3 13., where A is a moveable both in the paddle 

JV<.8tl,3ia,313. 




erank ^t i B, the crank ; C, a screw fbr moving in or out the bush ; Di 
ctank pin ; E, slot in tbe erank eye to permit the pin to pan in the revolu- 
tion of the crank, except when tlie pa bush is moved out to engage it ; F, 
square bead of screw C ; G, H, the bnsh engaged with the crank fan. It 
is obvious that b; screwing the bush ont or in, the erank pin is either 
engaged with or disengaged flrom the paddle. In Mestfs. Seaward'* 
engines a method of disengaging almost identical with this is sometinMB 

— Thee< 

ire almoi 
of backing. The manner in which that shown ii 
made, ia a common one. The eccentric is loose upon the ahaA, and ia fltr- 
niihed with a back balance and catches, and die halves sre pat together with 
rebated joints, to keep them fhim separating laterally ; and they ars pre- 
veuted from sliding out by round steel pint, each gronnd into both halves- 
We think square luya would be preferable to round pina in this arrangement, 
aa the pins lend to wedge the jaws of the eccencricssunder. Insomecaaettha 
halvesof the eccentric are bolted together by meant of flange*. Theecoen- 
tric-rod ahawa in the plates of details is not a particularly neat one. The 
ee«entrio-rod of the Don Juan ia represented in fig. 814., and that form it 




now widely adopted. It ia expedient to caat an oil cup on the eccentric 
hoop, and where it ia practicable a pan ahould be placed beneath the ec- 
centric, for the reception of the oil droppings. The notch of the eccentrio- 
rod, for the reception of the pin of tbe valve-ahaft, ia nsaally steeled. Id 
prevent inconvenient wear ; for when the sides of the notch wear, the valve 
movement ia not only disturbed, bat it ia very difficult lo throw the eccen- 
tric-rod ont of gear. 1( ia foimd to be preferable, however, lo fit this notch 
withabraaabusb,,/^. 315.,fDrtLewearis then lets rapid, and it i* an ea^ 
thing to replace tlua bush with another whea it beoomca worn. Hm 
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eccentric catches shown in the plates are the kuid usually employed, but 
catches of this kind sometimes break off at the first bolt-hole, and it is 
prdferable either to have a bolt in advance of the catch-face, as in^. 316^ 



Fig. 315. 
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or to have a hoop encircling the shaft, with the catches welded on it, the 
hoop itse^ being fixed by bolts or a key. This hoop may either be put on 
before the cranks in one piece, or afterwards in two pieces, as shown in 
Jig. 317., which represents the hoop employed in the Don Juan steamer. 



Fig. 316. 



Fig, 817. 
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The expansion cam is figured in the plate ; it is put on the shaft in two 
pieces, which are fastened to each other by means of four bolts passing 
through lugs, and is fixed to the shaft by keys. A roller at one end of a 
bell-crank, which is connected with the expansion-valve, presses against 
the cam, so that the motion of the lever will work the valve. The roller 
is kept against the cam by a weight on a lever attached to the same shaft If 
the cam were concentric with the shaft, the lever which presses upon it would 
remain stationary, and also the expansion- valve ; but by the projection upon 
the cam, the end of the lever receives a reciprocating motion, which is 
communicated to the valve. The position of this projection determines 
the point in relation to the stroke at which the valve is opened, and the 
extent of the projection determines the duration of opening. The time at 
which the valve should begin to open is the same under almost all circum- 
stances ; but the duration of its opening varies with the amount of expan- 
sion desired. In order to obtain ihis variable expansion, there are several 
projections made upon the cam, each of which gives a different degree or 
gnuUf as it is usually called, of expansion. These grades begin at the same 
point on the cam, but are of different lengths, so uat they would begin to 
move the lever at the same time, but would differ in the time of returning 
it to its original position. The change of expansion is effected by moving 
the roller on to Uie desired grade : there are seven different grades in the 
West India steamers. The expansion-valve is of the kind used in the 
Cornish engines, and known as the equilibrium valve. Of the valve 
shafts and links, parallel-motion rods, and other similar details, it is need- 
less here to speak, as there is nothing of difficulty connected with those 
parts, and the plates make Uieir arrangement sufficiently intelligible. 

Starting Gear, — The best starting gear that we are acquainted with is 
Stephenson's link motion, which will be described in our remarks respect- 
ing details of locomotives. This combination obviates the necessi^ of 
throwing the engines out of gear at all ; and full speed a-head may be 
changed instantaneously into fiill speed astern, and without stopping the 
engines. Messrs. Rennie have introduced this species of starting gear into 
the Samson and some other steam vessels with the most satisfactory re- 
sults ; and it appears likely to become general, at least in valves where there 
is little lap. In our plates of details the valve is moved by means of a lever, 
and the eccentric-rod is thrown out of gear by means of a pulley on the 
end of a lever, which, when raised, forces the pulley against the under side 
of the rod, and lifts it out of the notch. The act of raising this pulley de- 
presses another pulley on a lever fixed upon the same shaft, and enables 
another rod in connection with the starting handle to fidl into gear, the 
intention being, thkt when the eccentric-rod is in gear, the starting handle 
shall be without motion, as its swinging would be inconvenient and dan- 
gerous if worked by the engine. This plan of preventing the starting- 
handle and the eccentric-rod from being in gear at the same time has now 
come into genend use. The method adopted by Mr. Robert Napier in the 
Precursor is a very elegant one : it consists in the use of an eccentric-stud 
for supporting the lever which carries the roller; and the act of moving 
this lever, so as to enable the eccentric-rod to fall into gear, draws back the 

?inion of the starting-shaft out of the sector, with which it is engaged, 
nstead of a lever, the starting-shaft in this case is moved by a wheel 
similar to a steering wheel of a ship. Similar wheels may be seen in 
several of the examples given in the folio plate of direct-action engines, 
and their use is now nearly universal. 

Brine Pmnps. —Pumps for changing the water in marine engine boilers, 
so as to prevent the salt water from reaching an inconvenient degree of 
saturation, were first applied by Messrs. Bonlton and Watt to the City of 



Edinburgh steamer, at tue buggestion of Mr. Brown and with the approval 
of Mr. Watt Mr. Brown had accompanied the vessel on her first voyage 
from London to Edinburgh, and found that though the engine operated 
satisfactorily, the water in the boiler acquired such an injurious degree of 
concentration, that the furnaces began to get red hot He therefore re- 
quested the captain to stop the vessel, and directed the engineer to take 
off the mud-hole doors and allow the water in the boilers to run into the 
ship ; the boiler was then refilled with water from the sea, and the vessel 
proceeded on her voyage. Mr. Brown then devised pumps for removing 
the super-salted water firom the boiler without interruption. These pumps 
are still used by Messrs. Boulton and Watt, and their use is now very 
general In the engines of the Centaur represented in the plate of direct 
action engines, the brine pumps are set on each side of the feed pump and 
are wrought with it off the air pump cross-head. In some cases the feed 
water is sent into a vessel called a refrigerator, as has already been men- 
tioned at page 83., through which the super-salted water proceeding from 
the boiler to the brine pump is conducted in a multitude of small pipes, 
— the intention of the arrangement being to economise heat by commu- 
nicating the heat of the super-salted water to the feed. But the amount of 
heat thus saved is, as we have already explained, exceedingly unimportant, 
and the refrigerators are not only expensive to construct, but are very 
liable to be choked up by deposit. They thus become a source of danger, 
as the engineer is led to confide in an expedient which may deceive him, 
while he believes it to be in effective operation. Tlie valves of brine 
pumps require to be loaded sufficiently to counteract the pressure of the 
steam, and of the head of water in the boiler. If brine pumps be used, it 
appears preferable to use them without the refrigerator ; they then become 
equivalent to a continuous blowing off, but the pipes are less liable to choke, 
and there is no blowing off while the engines are at rest 

Sea water contains about j^ its weight of salt, and its specific gravity is 
increased by boiling until it contains }] of salt, which is the point of satura- 
tion, and the water will not then hold more salt in solution. As the water 
is more concentrated, it requires a higher temperature to make it boU. 




1), 224.9° ; and saturated water 226°. These are the boilmg points in the 
open air ; in a steam boiler, where the pressure of steam is always above 
the pressure of the atmosphere, the boiling points will be correspondingly 
higher, but with any uniform pressure of steam in the boiler it is possible 
to make the thermometer an index of the flaltness of the water. If the 
water be maintained at a concentration of gip or if about one fourth of the 
water be withdrawn from the boiler by the brine pumps that is forced in 
by the feed pumps, very little deposit will collect within the boiler. The 
quantity of Aiel wasted by blowing off this quantity of water, cannot, it is 
clear, be considerable, and there should not be less blown off. Of every 
4 cubic feet of water entering the boiler from the hot well, 3 passes off 
in steam and 1 in brine. The temperature of the hot weU being 100°, 
the heat imparted to che water to raise it into steam, may be represented by 
1112° X 3 » 3336, while the heat contained in the brine is 112° or lather 
less, the specific heat of brine being less than that of firesh water, and 
3336 -r 112 » 29, so that about ^th of the heat passes out in the super-salted 
water when large blowing off is practised. A much larger quantity of heat 
than this goes to waste if there be any material accumulation of scale upon 
the fines, and engineers will therefore see that there is no economy in 
penurious blowing off. 

PumpSf CockSf and Pipes, — In the plates of details the feed-pump plunger 
is shown with a screw at the bottom, for the extraction of the core, but it 
appears preferable to extract the core out of a hole in the top, which may 
be adapted for the reception of the pump-rod. There should be a consi- 
derable clearance between the bottom of the plunger and the bottom of the 
pump-chamber, as otherwise the bottom of the chamber may be knocked 
out, should coal-dust or any other forei^ substance gain admission, as it 
probably would do, if there were any mjecting firom the bilge. Messrs. 
Mandslay make the feed and bilge-pump plunders serve as guides to the air- 
pump cross-head, the pump-rods being contmued upwards and working 
through eves in the framing. We do not see any objection to this arrange- 
ment, if the stuffing-boxes be made deep : when separate guide-rods are 
used with eyes in the cross-head, those eyes should be fitted with stuffing- 
boxes, to diminish the wear, and the guides should be made very strong, 
fbr the same reason. The valves of Uie feed-pump are most conveniently 
arranged in a chest, which may be attached in any accessible position to the 
side of the hot-well An arrangement of this kind is shown in the plate 
of details and in fig, 318., which represents the feed-chest of the Don Juan 
steamer. Of the two side nozzles, the lower one leads to the pump and 
the upper one to the boiler. The pipe leading to the pump is a suction- 
pipe when the plunger ascends, and a forcing-pipe when the plunger de- 
scends. The plunger, in ascending, draws the water out of Uie hot-well 
through the lowest of the valves, and, in descending, forces it through the 
centre valve into the space above, which communicates with the feed-pipe. 
Should the feed-cock be shut so as to prevent any feed- water from passing 
through it the water will raise the topmost valve, which is loaded to a 
pressure considerably above the pressure of the steam, and escape into the 
hot-welL This arrangement is neater and less expensive than that of 
having a separate loaded vahre on the feed-pipe, with an overflow through 



■Detaiit of Engitut. 




tb«(Iiip'inde, Mil the more nnialpncdce. f^Sig.BndSao.repreienla 
double-acting deck l^ed-pmnp of a very complete and efficient coiutractioii. 




Fiq. 321. 



It U of the plnnger kind, wbieh ii preftrable to that which operates bj a 
piston. The sir-Tcuel is ftamished with an e»cape-Tal»e, to prarent the 
pomp fhmi being split shoold it t>e pat in comiectioii with the engine when 
the cocks in the pipe leading to the boiler are closed, an accident which 
not anfreqaentl; hippeni. Fig. 33 1 , represents a foor-waj cock, the apptl- 
cation of which enables the pump to djaw from the sea, 
horn the boiler, or tima the bilge, and the pomp can 
7 deliver either into the txnler or upon deck. This pomp 
1 be worked either b; the engine or by hand: it is 
employed to feed the boilers when the engine! are Ma- 
tionary, or to pomp the boilers ont, after the; are blown 
off as hr as can be accomplished b; the steam. At 
olher times it is oseful fiir raising the water to wash 
the decks, to act si a fire-engine in case of fire, and M 
pump out the ship ifsbe springs a leaL 




In ino«t of the new ressels fitted with Uholar boilen, small engine 
have been introduced, to pump water into the boiler when the vessel stops 
under steam. Host of these engines are furnished with a crank and flj- 
wheel, but that introduced by Mrasrs. Penn, and of which we hare giveo 
a representation in one of our plates, has no flj-wheel, and is a verj compact 
and elegant arrangement. The pump-piston and ^e steun-piston are at 
different ends of Uie same rod, and, instead of the onUnory pump-valvea, 
a slide-valve is introduced, which is situated at the opposite end of the 
steam-stide rod. The slide-valve* are pipe-valves, and are moved bj 
means of a lappet on the piston-rod. On another part of the some piste 
some views are ^ven of a self-acting feed apparatus, which consists of a 
small ubest, placed upon the fh>nt of the boiler at the level of the waler- 
line, with ports, closed b; a sliding plate, commimicating with the water in 
"'"■■''■""'''""■ "" When these ports are opened the water 



■oiler and the steam above 



the pump is making its stroke the ports leading from the chest to the 
boiler are closed, and if the chest be chieSy filled with steam, it will be 
compressed by the entering water, and Ibe cheat will receive a charge of 
water, which, on the port* beina opened, will flow into the boiler. But if 
there be bnt little steam in the chest when the pump i* mufcing its stroke, or 
the chest be filled with water from the rise of the water-level, the water dis- 
charged by the pump cannot gain admission, and it must ^erefore escape 
overboard through the loaded valve. Thus, as the water-level rises, the 
chest takes less water from the pum^, and it takes more when the level 
falls, the effect of which in practice is to m»intjiin n nniform water level in 
the boiler, however great the variations in the demand for steam. In some 
steam vessels floats have been introdaced to rej;ulate the feed, but their 
action cannot be depeaded on in agitated water, if applied after the common 
&shion. Floats wonld probshi; answer if placed in a cylinder which com* 
mnnicated with the water in the boiler by means of small hotcB) and a disc of 
metal might b« attached to the end at a rod extendiag beneath the water- 
level, so as to reuit irregnlar movement! fhun the motioa of the ship^ 
which would otherwise prevent the satisfiutory action of ^e apparatus. 

This disc would be placed within the cylinder, and a short distance above 
it a fixed diaphragm might extend acroM the cylinder, between which and 
the moreabie disc or piston on the rod the water would be compressed, in 
the event of any sudden tUspocition of the float to rise, such as might be 
created by the indden motions of the ship ; whereas by the slow and gradnal 
subsidence of the water level from evaporation, the water in the cylinder 
would be able to subside, by gradually passing through the imill h<des in 
the cylinder and disc. One objectioD to this plan is. tbsl the small hole* 
would be liable to be closed up by deposit ; and the preferable arrangement, 
probably, would be to place the float within the boiler, guided, but without 
any cylinder, and to apply a small oil cylinder, such as is used for the 
cataract of some pumping engines, to the end of the float rod where it pro- 
trudes throDgh the top of the boiler. Such an arrangement would enable 
the float to reiitt (nddenlj acting force*, while any force that was gradual 
and steadily opeiative would (till produce its due efiect 

The admission of the feed-water into the boiler is sometimes regulated 
by cocks, and sometimes by spindle valves, raised and lowered by a screw. 
Cocks appear to us to be the preferable expedient, as they are less liable to 
accident or derangement than screw valves, and in modem steam vessela 
they are generally employed. The UtA water it usually conducted from 
the f^ed cock to a point near the battam of the boiler, by means of an in- 
ternal pipe, — the otfject of the arrangement bang to prevent the rising 
steam from being condensed by the entering water. By being introduced 
near the bottom of the boiler, it comes into contact in the first place with 
the bottoms of the furnaces and flues, and extracts heat from them, which 
could not be extracted by water of a higher temperature, whereby a saving 
of fiiel i* accomplished. In some cases the feed water is introduced into » 
casing around the chimney, from whence it descends into the boiler. This 
plan appears to be an expedient one when the boiler is short of heating 
sorface, and more than a nsnal quantity of heal ascends the chimney ; but 
in well-proportioned boilen a water casing round the chimney is super- 
fluous. When a water easing is used, the boiler is usually fed by a head of 
water, the feed water being forced up into a smsll tank, ftom whence it 
descends into the boiler by the force of grvvity, white the surplus nua to 
waste, as in the feeding apparatus of land engines, represented in Fig. S30. 
Blow-off cocks are generally placed some distance from the boiler, but ia 
our judgment they should always be placed quite close to it, as there are 
no means of shutting off Ibe water from the pipe between the blow-off cock 
and the bcnler, should fracture or leakage there arise. Every boiler nnat 
be thmisbed with a blow-off cock of its own, independently of the main 
blow-off cock on the ship's sides, so that the boilers may be blown off sepa- 
rately, and may be shut off t^om one another. The preferable arrann- 
ment appears to be, to cast upon each blow-off cock a bend for attaching 
the cock to the bottom of the boiler, aod the ping should stand about on 
inch in advance of the front of the btnler, so that it may be removed or re- 
ground with bcility. The floor-plate covering the blow-oCT cock shonld 
have a cooming, a few inches high, cast round a hole of sufficient diameter 
to admit a box key lo torn the plug, and to each ping a box key should be 
fitted with a collar, at the level of the top of the cooming, of sufficient dia- 
meter to cover the bole and thickness of metal around it, and with the top 
of the key spindle supported by an eye attached to the boiler. These box 
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keys would not be shifted from one plug to another, as at present, but each 
would remain in its place, and the engineer would only have to turn them 
when he wanted to blow off the boilers. The present method of using the 
blow-off cocks is very inconvenient A small plate has to be removed to 
enable the box key to be applied ; coal sometimes is lying upon the plate, 
which has to be removed, and coal-dust gets into the bilge in these con- 
tinual removals, which chokes the roses of the bilge pumps. In dark nights 
and rough weather, the engineer requires to feel the nick in the top of the 
plug, which is often filled with coal-dust and grease, before he can assure 
himself whether the cock is open or shut, and the operation of turning the 
cocks is more difficult when the spindle of the key is without support. 
These evils may be remedied by the arrangement suggested. The spindle 
will require to be made with a hole or eye to admit a handle wherewith to 
turn it round, and it would be an easy thing to make the stud supporting 
the top of the spindle of such a form that the handle for turning the spindle 
could not be withdrawn when the cock was open. The cock, therefore, 
could not be left open without the handle being left in its place, where it 
would stand out from the boiler, incommode the firemen, and duly notify 
the neglect 

The general arrangement of the blow-off pipes is to put a main blow-off 
pipe beneath the floor-plates across the ship at the end of the engines, and 
into this pipe to lead a separate pipe, furnished with a cock, from each 
boiler. The main blow-off cock, where it penetrates the ship*s side, is 
furnished with a cock ; and in modem steam vessels Kingston's valves are 
also used, which consist of a spindle or plate valve fitted to the exterior of 
the ship, so that if the internal pipe or cock breaks, the external valve will 
still be operative. Some expedient of this kind is almost necessary, as the 
blow-off cocks require occasional re-grinding, and the sea cocks cannot be 
re-ground without putting the vessel into dock, except by the use of Mr. 
Kingston's valves or some equivalent expedient When old vessels are 
getting new sea cocks applied, it may answer to make the old cocks serve 
the purpose of Kingston's valves, the new cocks being applied between the 
old cocks and the blow-off pipes. 

All the cocks about an engine should be provided with bottoms and 
stuffing-boxes, and reliance should never be placed upon a single bolt 
passing through a bottom washer for keeping the plug in, in the case of any 
cock communicating with the boiler, for a great pressure is thrown upon 
that bolt if the pressure of the steam be high and the plug be made with 
much taper ; and should the bolt break or the threads strip, the plug will 
fly out, and persons standing near may be scalded to death, — an accident 
which has sometimes happened. In large cocks it appears the preferable 
plan to cast the bottoms in ; and the metal of which all the cocks about a 
marine engine are made should be of the same quality as that used in the 
composition of the brasses, and should be without lead or other deteriorating 
material In some caseii the bottoms of cocks are burnt in with hard solder, 
but this method cannot be depended upon, as the solder is softened and 
wasted away by the hot salt water, and in time the bottom leaks or is forced 
out The stuffing-boxes of cocks should be made of adequate depth, and 
the gland should be secured by means of four strong copper bolts. The 
taper of blow-off cocks is an important element in their construction ; as if 
the taper be too great, the plugs will have a continual tendency to rise, 
which, if the packiug be slack, will enable grit to get between the faces, 
while, if the taper be too little, the plug will be liable to jam, and a few 
times grinding will sink it so far through the shell, that the water-ways will 
no longer correspond. One-eighth of an inch deviation from the perpen- 
dicular for every inch in height is a common angle for the side of the cock, 
which corresponds With one quarter of an inch difference of diameter in an 
inch of height; but we think a somewhat greater taper than this, or one- 
third of an inch difference of diameter for every inch of height, is a prefer- 
able proportion. The bottom of the plug must be always kept a small 
distance above the bottom of the shell, and an adequate surface must be left 
above and below the water-way, to prevent leakage. Cocks formed accord- 
ing to these directions will be found to operate satisfactorily in practice. 

Gauge cocks are generally very inartificially made, and occasion needless 
trouble to the engineer. They are rarely made with stuffing-boxes, and 
are for the most part adorned with stalactites of salt after a short period of 
service, in consequence of leakage. The water discharged from them, too, 
disfigures the front of the boiler, and adds to the corrosion in the ash-pits. 
It would be preferable to combine the gauge cocks appertaining to each 
boiler into a single upright tube, connected suitably with the boiler, and 
the water flowing from them could be directed downwards into a funnel 
tube communicating with the bilge. The gauge cocks and also the glass- 
tube cocks should be furnished with stuffing-boxes, and with bottoms, unless 
the water enters through the bottom of the plug. The glass gauge tubes 
should always be fitted with a cock at each neck, communicating with the 
boiler, so that both the water and steam may be shut off if the tube breaks. 
The gauge cocks frequently have pipes ruiming up within the boiler, to the 
end that a high- water level may be made consistent with an easily acces- 
sible position of the gauge cocks themselves. With the glass tubes, how- 
ever, this species of arrangement is not possible, and the glass tubes must 
always be placed in the position of the water level, whether it be high or 
low. 

The sea injection cocks are usually made in the same fashion as the sea 
blow-off cocks, and of about the same size. The injection water is generally 
admitted to the condenser by means of a slide valve, bat a cock appears to 



be preferable, as it ts more easily opened, and has not any disposition to 
shut of its own accord. The sea injection pipes should be put through the 
ship's side in advance of the paddles, so that the water drawn in may not 
be injuriously charged with air. In some cases the suction pipe of the 
deck pump leads into the injection pipe ; but it is preferable to put a pipe 
through the ship's side for the exclusive use of the deck pump, as is the 
genei^ practice. The waste water pipe, passing from the hot well through 
the vessel's side, is provided with a stop valve, called the discharge valve, 
which is usually mftde of the spindle kind, so as to open when the water 
coming fh>m the air pump presses against it. In some caKes this valve is 
a sluice valve, but the hot well is then almost sure to be split if the engine 
be set on without the valve having been opened. The opening of the 
waste water pipe should always be above the load water line, as it will 
otherwise be difficult to prevent leakage through the engine into the ship, 
when the vessel is lying in harbour. 

Boilers are now generally supplied with stop-valves, whereby one boiler 
may be thrown out of use without impairing the efficacy of the remainder. 
These stop valves are usually spindle valves of large size, and they are for 
the most part set in a pipe which runs across the steam chests connecting 
the several boilers together. The spindles of these valves should project 
through stuffing-boxes in the covers of the valve chests, and they should 
be balanced by a weighted lever and kept in continual action by the steauL 
If the valves be lifted up and be suffered to remain up, as is the usual prac- 
tice, they will become flxed by corrosion in that position, and it will be 
impossible after some time to shut them on any emergency. These valves 
should always be easily accessible from the engine room, and it ought not 
to be necessary for the coal boxes to be empty to gain access to them. The 
safety valves should not be set on the common pipe connecting the boilers, 
but each boiler should have a safety valve of its own set direct upon the 
steam chest, for if the stop valve should jam, and the safety valve be ex- 
terior to it, the safety valve cannot contribute anything to save the boiler 
from explosion. Each boiler also should have a distinct steam-gauge and 
a distinct atmospheric valve, if atmospheric valves be applied at all, but 
they scarcely appear to be necessary in the case of tubular boilers, which 
are capable of withstanding the atmospheric pressure with impunity. 

The pipes of marine engines should always be made of copper. Cast- 
iron blow-off pipes have in some cases been employed, but they are liable 
to fracture, and are dangerous. Every pipe passing through the ship's 
sides, and every pipe flxed at both ends and liable to be heated and cooled, 
should be fhmished with a faucett or expansion joint, and in the case of 
cast-iron pipes, the part of the pipe fitting into the faucett should be 
turned. In the distribution of the fiiucetts of the pipes exposed to pres- 
sure, care must be taken that they be so placed that the parts of the pipe 
cannot be forced asunder by the strain, as serious accidents have occurred 
from the neglect of this precaution. A faucett is usually placed where the 
main steam-pipe joins the branch steam-pipes proceeding to the cylinders, 
and if those branch steam-pipes are attached to the cylinders or valve 
casings by means of faucetts, the whole of the branch steam-pipes may 
swivel round on these faucetts and leave the main steam-pipe, which will 
then discharge its full volume of steam into the engine room, an accident 
which could hardly fail to be attended with the most disastrous conse- 
quences. 

Where the pipes pierce the ship's side, they should be made tight as 
follows : — The hole being cut, a short piece of lead pipe with a broad flange 
at one end should be fltted into it, the place having been previously smeared 
with white lead, and the pipe should then be beaten on the inside until it 
comes into close contact all round with the wood. A loose flange should 
then be slipped over the projecting end of the lead pipe, to which it should 
be soldered, and the flanges should both be nailed to the timber with 
scupper nails, white lead having been previously spread underneath. This 
method of procedure, it is clear, prevents the possibility of leakage down 
through the timbers, and all therefore that has to be guarded against after 
this precaution, is to prevent leakage into the ship. To accomplish this 
object, let the pipe which it is desired to attach be put through the leaden 
hawse, and let the space between the pipe and the load be packed with 
gasket and white lead. The pipe must have a flange upou it to close the 
hole in the ship's side ; the packing must then be driven in from the outside 
and be kept down by means of a gland secured with bolts passing through 
the ship's side. If the pipe is below the water line, tlie gland must be of 
brass, but for the waste water pipe a cast-iron gland will answer. This 
method of securing pipes penetrating the side, however, though the best 
for wooden vessels, wUl, it is clear, fail to apply to iron ones. In the case 
of iron vessels, it appears to be the best practice to attach a short iron 
nozzle, projecting inwards, to the skin, for the attachment of every pipe 
below the water line, as the copper or brass would waste the iron of the 
skin if the attachment were made in the usual way. 

Parts of oscillating Engines. — The most important parts of oscillating 
engines are the piston, the piston-/x)d stuffing-hox, the trunnions, and the 
attachment for the valve. The two former parts we have already de- 
scribed ; we shall here give the chief details of the two latter. 

Fig. 322, represents the valve attachment of II. M. steam vessel the 
Trident, constructed by Messrs. Boulton and Watt, cylinder 70j in. 
diameter, and* 5 ft stroke, and reckoned at 350 horse power. The eccen- 
tric rod is attached to the stud a, which is fixed to the centre of a plate 
forming part of a frame which ia g^ded vertically by means of the guide- 
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nd b, ud b; the edimmi of the engine at cc. da the end of the vilre 
lerer wliich ii moTed np (ad dovn I7 tbe fkvme, iirhai«*er poaition in the 
•re the end of the lerer miy occnpy in conieqoeiKe of the otcUUtioD of 
the ejlinder. c ii • rack wberebjr the tmat naj be moved np or do*n 
bjmeuuof aihaflu AB. vhen the ecMntrte rodiiDM in gear, ud at the 
end of the thaft a vheel ii ntnated for itatting the mgine. The coned 
groore in which the end of the talre IcTer morei a part of a circle, but it 
u not (wepi ftam the centre of the trnnnioD when the valre ii at half 
Mrohe, but with a radioi equal to the distance of the eectre of the valve 
■haft ftx>n the centre of the tnmnion, when the ejUnder i< perpendicnUr. 
Mtwia. Penn do not fbnn the cnrve in thi* wa^, bat iweep it tram the 
centre of the tnuuion when the valve ii at half Mroke; and although the 
aame motion of the valve ■• not thus obtained ai when there ii no dkUU- 
tion. the difference i* verj (light, and i* moretTver ccmodered to be a better 



adjmtnient of the eccentric ; the effect w<mld probably b« to 
alightlj the tide preasare on the pifton-rod, b«t the increaae woold be 
altogether inappreciable in the caie of eqailihrated valvea which mi^ be 
WTDO^t with an incontiderable eierciae of fbree. 
Fig. 333. repreaenla one of the tnomioni of the Trident, which instead 
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Xal* bill an Inch s 1 Foot, 
of being cut npon the cylinder, at ii the Dcnal ptactiee, are bo1l«d on with 
twelve Ii in. botta, and are Mrengthened by twelve bncketa, 1 inch thick, 
catt on the flange* of attachment. There 11 a pn]jeetinc ring, it wiU be 
obMTved, left npon the part which ii to he bolted on, wUeb ia accnrately 
fitted into the hole in the heK in order to obviate daefcncM ddewaya. A 
rib 1^ in. thick mna back from the hole on each aide in the middle of the 
belt, to tie tba bdt more aSeettially to the cylinder, and above and below 



the belt a feather rana vertically 1 1 in. tluck, and tapering in depth tnm 
the belt till it nuu off to nothing on the cylinder nde. 

The bearing part of the tmnnion ia IS in. diameter, T in. long, and Ae 
metal ii S^ in. thick 1 the iteam pipe entering the trannioD 1 in. thick, 
and the r«*fci"g ipaee between the pipe and tmnnion I{ in. wide. The 
gUmd for compreaiuig the packing U mnally pat on in two pieeea. The 
pipe reqoirei to be k> made that it can be parted in agaiut the cylinder 
u order to accommodate ita outer attachment. It ia not 111 1 imaii to maka 
pTDvinon at the outer end of the tmnniaii-[Hpe fbr the falling of the tran- 
Bioo by wear, aa the wear i« 10 small a* to be of no practical momeat. 
The tluckneai of metal of the cilinder ia IJ in. ; the thickness of the lop 
and bottom of the belt i« 14 in. in the wake of the trannicD, and S in. in 
other placet. The diameter of the hole in the belt ia 18 in. ; the internal 
diameter of the Heam pipe ia 13 in. i and the diameter over the flange tat 
the tnachmeni of the tmnnion >• 3^ in. The interior of the belt m the 
wake <rf' the tmnmon tncasnres 29 m. deep and 4^ in. wide. The crank 
ahafl hearings are 1! in. diameter and 13 in. long. The paddle wheda 
are overtmng, and the ooter journal of tbe sbaA is 14 in. diaineter, and 14 
in. long ; tbe part on which the centre ii fixed, fhmi whence the anna 
diverge, being IS in. diameter, and S4 in. long. When the paddle is over- 

in other caaes. The lUameter of the whe^ is 33 ft. ) the floatt are 3 (t 
broad and 9 ft. long, and have a dip of 4 fL T in. traa the loaii water line^ 
at which point tbe vessel draws II ft. of water. Tbe crank [»n is 9 in. in 
diameter, and has a length of bearing fbr the ccmBceting rod of 14 in. 
The diawner of the TrideDt'* pistoD-rod is T) in. ; we think &e intradaciioa 
vl larger piston-rods than have yet been introdneed in n»^ll»ting ei^iua 
voold be an improvement, and would add to the dnrahilily of tlw 1 iigiiB i 
Each cylinder measures B tt. I in. acraaa (^om centre to centre of tranaio^ 
and 1 1 ft S in. fh>m the level of the trannion to the level of tbe shaft. 

The positim of the tmcDion shonld be a little above the centre of gra- 
vity of the cjUnder, >o that it will have no tendeney to tilt over when the 
piston-rod is disengaged from the crank-pin. and very little toidency at 
the same time when pnsbed over to reanme the perpendicnlar. The plan 
of attaching a weight to one aide of the cylinder to balance the. valve 
casing ia novdiaconiiniicd in the best enginea,aDd two valves are employed 
which balanee one another. These valvca are jdaced (me on each aide «t 
the tmnnion, so tliat they may both be wroogfal by the aame eccentrie. If 
the enrved eccentric fiame were discarded, the eccentric rod might he 
attached immediately 10 a craat-head, from theenda of whEch the two valve 
rods descended, and tbe inlcmiedlate gear at present naed mi^ ibn* be 
difpensed with. 

Engaut applial daret to At Scrtm It requires hot little penetr ati eat u 

tbresee that the present species of marine engine most be given np if the 
•crew propeller gains a general introduction, aa it apptan dcatined to do ; 
for tbe enginea will in that case be coapled immediately to the screw shaft, 
which, as it reqnire* to revolve moch mare quickly than a paddle-shaft, 
lnv<dvea a greatly increased q>eed of [Hston. Small engines, with the 
pistolks moving at a quick speed, will exert the same power as large enginct 
moving with a slow speed ; and small engines, hy being applied to the 
screw shaft direct, may be made to do the wotk of large ones. Thia is a 
manifest advantage to steam Davigation. as a vessel may be constnicled 
with very large power witbont bemg inconveniently burdened with the 
wright at the engines ; and it is also an advantage to the makers of en- 
ginea, who will Ifans be enabled to produce a given power at a leas cmL 
The only impediment to tbe general introduction of this system lies in the 
difEenlty of driving the air-pomp at a high speed withoot caosiag the 
valves to strike so hard as to wear themselves out very qnickly. The 
difficulty may, however, it appears to oa, be met by making tbe air-pump 
piston without valves, and opening and shntting the foot valve passage by 
means of a slide valve, the motion fbr working which is derived from the 
eccentric rod. The delivery valve must still be opened by the pressure at 
water in the pump ; but it may be made to consist of a piston valve with 
skewed ports, such as is represented in J^. 333., and it may be closed, or 
the piston be brought opposile to the ports b; meant of a pendulum wei|^ 
at the end of a lever moving outside. Most of the engines at present in 
eonrte of CMittnietion fbr direct application to the icrew, are made with 
fbor cylinders lying horiionlally with two cranks npon the screw shaft, to 
which the connecting rods arc attached, the connecting roda being joined 
to the top of tbe (Htton rods, as in the Gorgon, or locomotive conslmctioii. 
OacillaUng engines, laid at an an^of 45°, and jtnned to a single dank co 
the ahaft, have in some cases been employed ; and we flunk thia arrange- 
ment is upon the whole the preferable one. Tbe air-pump may be made 
doable-acting, and may be worked from the same crank-pin to which the 
^ston-rods are attached i the pin, however, being made eccentric in the 
part to which the air-pnmp rod is attached, in order to give the pomp a 
shorter stroke than the piston. The crank snd crsnk-[«n will, if thia 
amngement be adopted, be stronger if made in the same piece, and the 
neck of the shaft from which the crank overhanga must be made stronger 
than uiuaL If the air-pump be made double-acting; as appears to be tha 
preferable practice, its diameter may be very small, bat the fbot and d^ 
Uvery valve passages must be tai^r than usual in proportion to tbe use at 
the pomp. If a plsloa valve be adopted fbr the delivery valve, it will be 
expedient to balance the valve by means of a ooonterwcight, as is dune in 
case of the steam valve, adding then a penrtnlnm, or s short crank pulled 
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into the vertical position by a rod loaded with a weight, the end of the 
rod being suitably guided by a swiyelling eye, in order to bring back the 
▼alve, or retain the piston opposite the ports until the pressure comes on. 
It is clear that, if this arrangement be adopted, the thrust of the shaft 
forwards, which in the case of the Rattler screw steamer is equivalent 
to a weight of four tons, cannot be sustained by the end of the shaft ; and 
the best arrangement appears to be, to receive the thrust upon a collar on 
the shaft, which works within an oil cylinder, — oil being forced continu- 
ally by a small pump worked by the engine between the end of the oil 
cylinder and the colhu*, until the collar is forced back with a pressure equal 
to that of the forward thrust. It is not expedient, however, to trust to the 
oil alone ; and, therefore, between the collar and the bottom of the oil 
cylinder, and also between the collar and the top of the oil cylinder — so as 
to give security for backing — rollers carried by rings, as in the case of the 
rollers of a swivel bridge, or railway tum>table, should be interposed. 
These rollers should be as numerous as can be conveniently applied ; they 
should each touch only in one point ; should be made narrow, and several 
of these narrow rollers should be set upon the same spindle, so as to in- 
crease the quantity of the bearing surface. The colUr and ends of the 
oil cylinder should consist of plates of hardened steel, and the rollers 
should also be of hardened steel, and be all made of exactly the same 
diameter. The oil cylinder would have to be supplied with a safety valve 
on each side of the colUr, so that any surplus oil sent in by the pump 
would be able to escape into a small tank, out of which the pump would 
draw. By these expedients, it appears clear to us that the thrust of the 
screw may be effectually and satisfactorily counteracted. It appears ex- 
pedient to tooth out the eye of the collar, and to make it of sufficient length 
to serve as a coupling box, the end of the shaft proceeding from the screw 
to the collar being simiUrly toothed, and fixed fast into the collar ; while 
the end of the shaft proceeding from the collar to the engine is toothed in 
the same fashion, but so fitted as to slide endways in the collar. By this 
arrangement, should the oil cylinder yield slightly, or the rollers wear, the 
engine framing will still be preserved from the forward strain ; the only 
effect of such accidents being to make the engine shaft slip somewhat 
further into the collar. The edge of the collar would be furnished with 
cupped leathers upon each side, of the same description as those used for 
the rams of hydraulic presses. The improvement of the species of engine 
that is adapted for direct application to the screw, is one of the most im- 
portant objects that can engage the attention of the marine engineer ; for 
the ultimate universality of screw propulsion appears to be the most pro- 
bable conjecture at the present time; and if the screw supersedes the paddle, 
the best form of direct action engine applicable to the screw, will secure 
the most extended patronage. Unless a very perfect rotatory be devised, 
the oscillating engine, coupled direct to the crank in the manner we have 
described, will probably maintain the supremacy, and we would commend 
that form to those who are desirous of making a selection that is not likely 
speedily to involve much further change. 

How to erect Side Lever Engines. — Level the bed-plate lengthways 
and across, and strike a line up the centre as near as possible in the middle, 
which indent with a chisel in various pUces, so that it may at any time be 
easily found again. Strike another line at right angles with this, either at 
the cylinder or crank-centre, by raising a perpendicular in the usual manner. 
Lay the other sole-plate alongside at the right distance, and strike a line at 
the cylinder or crank centre of it also, shifting either sole-plate a little 
endways, until these two transverse lines come into the same line, which 
may be ascertained by applying a straight edg^ across the two sole-plates. 
Stnke the rest of the centres across, and drive a pin into each comer of 
each sole-plate, which file down level, so as to serve for points of reference 
at any future stage. Next try the cylinder, or plumb it on the inside 
roughly, and see how it is for height, in order to ascertain whether much 
will be required to be chipped oiT the bottom, or whether more requires to 
be chipped off the one side than the other. Chip the cylinder bottom fur ; 
set it in its pUce, plumb the cylinder very carefully with a straight edge 
and silk threaid, and scribe it so as to bring the cylinder mouth to the right 
height, then chip the sole-plate to suit that height The cylinder must 
then be tried on again, and the parts filed wherever they bear hard, until 
the whole surface is well fitted. Next chip the place for the fhuning ; set 
up the framing, and scribe the horizontal part of jaw with the scriber used 
for bottom of cylinder, the upright part being set to suit the shaft centres, 
and the anguUir flange of cylinder where the stay is attached having been 
previously chipped plumb and level. The stake-wedges with which the 
framing is set up preparatory to the operation of scribing, must be so set as 
to support equally the superincumbent weight, else the framing will spring 
from resting unequally, and it will be altogether impossible to fit it well. 
In some of the modem direct-action engines, many of the directions here 
giYen will be found needless, for the cylinder-flange and cylinder-bottom 
are both faced in the boring mill, and the framing consists of malleable 
iron rods, which involve but little difficulty in fitting them together ; but 
whoever can fit together a side lever engine with cast-iron ftraming will 
find little difficulty in fitting together any other kind^ 

Centres and Lengths of Bods. — In fixing the positions of the centres, it 
appears to be the most convenient way to begin with the main centre. The 
height of the centre of the cross-head at half-stroke above the plane of the 
main centre, is fixed by the drawing of the engine, which gives the distance 
from the centre of cross-head centre at half-stroke, to the flange of the 



cylinder ; and from thence it is easy to find the perpendicular distance from 
the cylinder-flange to the plane of the main centre, merely by putting a 
straight edge along level, from the position of the main centre to the 
cylinder, and measuring ftx>m the cylinder-flange down to it, raising or 
lowering the straight edge until it rests at the proper measurement The 
main centre is in that plane, and the fore and aft position is to be found by 
plumbing up fh)m the centre line on the sole-plate. To find the paddle- 
shaft centre, plumb up frqm the centre line marked on the edge of the sole- 
plate, and on this line lay off from the plane of the main centre the length of 
the connecting rod, if that length be already fixed ; or otherwise the height 
fixed in the drawing of the paddle-shaft above the main centre. To fix 
the centre for the parallel-motion shaft, when the parallel- bars are connected 
with the cross-head ; lay off on the plane of mun centre the length of the 
parallel bar fh>m the centre of the cylinder, deduct the length of the radius 
crank, and plumb up for the central line of motion shaft ; lay off on this 
line measuring from the plane of main centre, the length of the side-rod ; 
this gives the centre of parallel motion-shaft, when the radius-bars join the 
cross-head, as is the preferable practice where parallel motions are used. 
The length of the connecting-rod is the distance from the centre of the 
beam when level, or the plane of the main-centre, to the centre of the 
paddle-shaft The length of the side-rods is the distance fh)m the centre- 
line of the beam when level, to the centre of the cross-head when the 
piston is at half-stroke. The length of the radius-rods of the parallel 
motion is the distance from the point of attachment on the cross-head or 
side-rod, when the piston is at half-stroke, to the extremity of the radius- 
crank, when the crank is horizontal ; or, in engines with the parallel 
motion attached to the cross-head, it is the distance from the centre of the 
pin of the radius-crank, when horizontal to the centre of the cylinder. 

How to set the ParaJUi Motion. — We have already described at page 210. 
the method of setting the parallel motion of a beam land engine. In 
marine engines, having fixed the centre of the parallel motion shaft in the 
manner just described, it only remains to put the parts together when the 
motion is attached to the cross head ; but when the motion is attached to 
the side rod, the end of the parallel bar must not move in a perpendicular 
line, but in an arc, the versed sine of which bears the same ratio to that 
of the side lever that the distance fVom the top of the side rod to the 
point of attachment bean to the total length of the side rod. 

The parallel motion when put in its place should be tested by raising and 
lowering the piston by means of the crane : first set the beams level, and 
shift in or out the motion-shaft, plumraer-blocks, or bearings, until the 
piston-rod is upright Then move the piston to the two extremes of its 
motion : if at both ends the cross-head is thrown too much out, the stud in 
the beam to which the motion side -rod is attached is too far cut, and must 
be shifted nearer to the main centre : if at the extremities the cross-head if 
thrown too fiir in, the stud in the beam is not out far enough. If the 
cross-head be thrown in at the one end and out equally at the other, the fiiult 
is in the motion side-rod, which must be lengthened or shortened to remedy 
the defect We have already given, in page 100., rules for the computation 
of the proper lengths of all kinds of parallel motions, and by these rules 
the workman may ascertain whether the rods furnished to him to be fitted 
together are properly proportioned. 

How to set the Slide- Vaives. — The first thing is to ascertain whether the 
eccentric-rod is of the right length. To determine this, put the valve in the 
middle of its stroke, so that both ports are covered equally, and fix it in 
that position. Next, turn round the eccentric on the shaft until the eccen- 
tric-rod has reached the furthest point of its travel from the shaft, and 
square up from the side of the eccentric pin a line upon the rod. Turn 
round the eccentric again until the eccentric rod reaches the end of its 
travel towards the shaft, and square up another line on the rod from the 
other side of the pin. If the eccentric notch be equally distant fh>m the 
lines thus marked upon the eccentric-rod, the rod is of the right length ; 
but if the notch be too far down upon it, the rod requires to be shortened ; 
and if too far up, to be lengthened — in each case to an extent equal to the 
deviation of the notch from the central line. Thus, if on trial, the notch be 
found to be half an inch nearer to the lower than to the upper line, the 
notch will require to be shifted up a quarter of an inch, to place it midway 
between the Imes ; and to do this, the rod must be shortened a quarter of an 
inch ; whereas, if the notch be half an inch nearer the upper than the under 
line, the rod will require to be lengthened a quarter of an inch, and so on in 
all other proportions. 

The right length for the eccentric-rod .having been thus obtained, and 
the rod having besn adjusted thereto, the next step is to set the crank per- 
pendicular. In a workshop this is easily done by a plumb-line, but in a 
steam-vessel recourse must be had to another method. Find on the sole* 
plate, or cylinder-mouth if a direct action engine, the transverse centre line 
answering to the centre of the shaft. Describe on the large eye of the 
crank a circle of the size of the crank-pin, and lay off in a fore and aft 
direction from the transverse centre-line on cylinder-mouth or sole-plate, a 
distance equal to the radius or half diameter of the crank-pin. Stretch a 
line from the point thus marked off to the edge of the circle described on 
the large eye of the crank, and turn round the paddle-wheels until the 
crank-pin just touches the stretched line — the crank will then be perpen- 
dicular, and may be set by this method either on top or bottom centre. 

The crank having been set in a perpendicuhir position while the valve 
is set and fixed with the amount of lead it is intended to give, the eccentrie 
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has only to be tamed round npon the shaft until the notch comes opposite 
to the pin and the rod falls into gear, to determine the right position of the 
eccentric on the shaft The situation of the eccentric may then be marked 
npon the shaft, and the catches fitted on in the usual wa^. The valve may 
first be set for going a-head, and may then be set for gomg astern, — shift- 
ing round the eccentric to the opposite side of the shaft until the rod a^n 
falls into gear. The position answerable to going a-head in some engines 
will be that answerable to going astern in others, depending on the way in 
which the engines are placed, the arrangement of the levers, and the kind 
of valve employed. It is necessary to recollect that it is the catches which 
drive the eccentric, and not the eccentric the catches, mistakes having 
sometimes arisen from forgctfulness of this condition 

It is impossible to g^ve any general rule for finding the length of the 
valve levers or the throw of the valve. In most engines, however, the 
travel of the valve is twice the depth of the port, and the throw of the 
eccentric is equal to the travel of the valve, so that motion is neither 
gained nor lost by the levers. In engines which do not operate expan- 
sively, the depth of the valve face is equal to the depth of the port; but all 
modem engines have a certain amount of lap or cover on the steam side ; 
and some on the eduction side also. In the Thames and Medway steamers 
by Messrs. Maudslay, the travel of the valve is 16 in., and the length of 
valve lever 8J in. ; depth of port, 6 in. ; length of port, 26 in. ; distance 
fW)m upper edge of upper port to under edge of under port, 8 ft 9] in. ; and 
distance between extreme edges of valve faces, 8 ft. 9^ in. ; so that instead 
of there being cover upon the eductien side, ^e valve is one eighth of an 
inch short at each end, and will not cover the ports in any position. In 
some engines the upper face is made narrower than the under face. In 
Messrs. Maudslay's 50 horse power engines, the breadth of the port is 
3 in., and its length 15 in. ; the breadth of the lower valve face is 5 m., and 
of the upper one, 4) in. In the 48 inch cylinders of the same makers, the 
size of port is 3} in. by 18 in. ; in the 54 in. cylinders the size of port is 
20 in. by 4 in. ; the valve faces, 8 in., and 7) in. broad ; and the length of 
the travel. 1 1 in. Other makers adopt different modes of setting the valves 
— we believe with little difference in the efficiency of the engine. We 
must refer the reader to the investigations and rules we have already given 
respecting slide-valves, as the best guide we can fumish for fixing the lap, 
lead and other elements, in the absence of a uniformity of practice. 

ffow to put the Engines into a Steam Skip. — First, measure across from 
the inside of paddle-bearers to the centre of the ship, to make sure that the 
central line, running in a fore and aft direction on the deck or beams, 
usually drawn by the carpenter, is reallv in the centre ; and if it is not, 
make a fore and aft line or mark that is in the centre. Stretch a line 
across between the paddle-bearers in the direction of the shaft: to this line 
in the centre of the ship where the fore and aft mark has been made, apply 
a square with arms six or eight feet long, and bring a line, stretched per- 
pendicularly from the deck to the keelson, accurately to the edge of the 
square ; the lower point of the line where it touches the keelson will then 
be immediately beneath the mark made on the deck. If this point does 
not come in the centre of the keelson, it will be better to shift it a little, so 
as to bring it to the centre, altering the mark on the deck correspondingly, 
provided either paddle shaft will admit of this being done — one of the 
paddle-brackets being packed behind with wood, to give it an additional 
projection from the side of the paddle-bearer. Continue the line fore and 
aft upon the keelson as nearly as can be judged in the centre of the ship ; 
stretch another line fore and aft through the mark upon the deck, and look 
it out of winding with the line upon the keelson. Fix upon any two points 
equally distant from the centre, in the line stretched transversely in the 
direction of the shaft ; and fh)m those points as centres, and with any con- 
venient radius, sweep across the fore and aft line to see that the two are at 
right angles; and if not, shift the transverse line a little to make them sa 
From the transverse line next let fall a line upon each outside keelson, 
bringing the edge of the square to the line, the other edge resting on the 
keelson. A point will thus be got on each outside keelson perpendicularly 
beneath the transverse line running in the direction of the shaft, and a line 
drawn between those two points will be directly below the shaft To this 
line the line of the shaft marked on the sole-plate has to be brought, care 
being taken at the same time, that the right distance is preserved between 
the fore and aft line upon the sole-plate, and the fore and aft line on the 
central keelson. Before any part of the machinery is put in, the keelsons 
should be dubbed fair and straight, and be looked out of winding by means 
of two straight edges. The art of placing engines in a ship is more a piece 
of plain common sense than any other feat in engineering; and every roan 
of intelligence may easily settle a method of procedure for himself. Plumb- 
lines and spirit levels, it is obvious, cannot be employed on board a vessel ; 
and the problem consists in so placing the sole-plates, without these aids, 
that the paddle-shaft will not stand awry across the vessel, nor be carried 
forward beyond its place by the framing shouldering up more than was 
expected. As a plumb-line cannot be used, recourse must be had to a 
square ; and it will signify nothing at what angle with the deck the keel- 
sons run, so long as the line of the shaft across the keelsons is squared 
down fVom the shaft centre. The sole-plates being fixed, there is no diffi- 
culty in setting the other parts of the engine in their proper places upon 
them. The paddle-wheels must be hung ^om the top of the paddle-box, to 
enable the shaft to be rove through them ; and the cross stays between the 
engines should be fixed in when the vessel is afloat To try whether the 



shafts are in a line, tum the paddle-wheels, and try if the distance between 
the cranks is the same at the upper and under, and the two horizontal 
centres ; if not, move the end of the paddle-shaft up or down, or backwards 
or forwards, until the distance between the cranks at all the four centres 
is the same. 

MisceUaneoua Remarks respecting Marine Engines, — The cylinders 
should be felted, and then cased wiUi wood that has been baked until it 
will shrink no longer. The steam-pipes should be cased in the same way, 
and the boilers should be felted, and then covered with sheet lead, soldered 
at every joint The whole of the screws about the engine should be made 
according to a uniform system of threads, and the nuts of the same sized 
bolts should also be of the same size, so that a single spanner will serve for 
those nuts. The spanners intended for polished nuts should be close and 
single-ended, and they should be themselves polished and case-hardened, 
and ranged in reg^ilar order on one of the engine-room bulkheads. A pair 
of brass-sheaved blocks for raising the cylinder cover, and another smaller 
pair for raising the air-pump cover, should be provided ; and a strong 
screw, with a large eye at the end, for raising the paddle- wheet Strong 
spanners should also be provided for the holding-down bolts, with eyes at 
the end, to which a tackle may be applied; and a box key for tightening 
down the bolts of the paddle-shaft plummer-blocks through the crank-hatch. 
Tallow kettles are little needed if the pistons and cylinder stuffing-boxes 
have metallic packings. Oil-cans and lamps should be ranged on a shelf 
in separate stands, so that they cannot fall off when the vessel rolls. For 
every article of engine-room furniture there should be a convenient and 
conspicuous place ; and if -there be any articles of spare gear, they should 
be all kept in sight. Unless this be done, they are almost sure to be eaten 
up with rust, as neglect generally follows their stowage in an unfrequented 
or inaccessible place. 

In most steam- vessels a good deal of trouble is caused by the holding- 
down bolts, which are generally made of iron. Sometimes they go through 
the bottom of the ship, and at other times they merely go through the 
keelson, a recess being made in the floor or timbers to admit of the intro- 
duction of a nut The iron, however, wears rapidly away in both cases, 
even though the bolts are tinned; and it has been found the preferable 
method to make such of the bolts as pass through the bottom, or enter the 
bilge, of Muntz*s metal, or of copper. In side-lever engines four Muntz*s 
metal bolts may be put through the bottom at the crank end of the fhuning 
of each engine, four more at the main centre, and four more at the 
cylinder, making twelve through bolts to each engine; and it is more con- 
venient to make these bolts with a nut at each end, as in that case the bolts, 
may be dropped down from the inside ; and the necessity is obviated of 
putting the vessel on very high blocks in the dock, in order to give room 
to put the bolts up fh>m the bottom. The remainder of the holding-down 
bolts may be of iron ; and may, by means of a square nut he screwed into 
the timber of the keelsons as wood screws, the upper part being furnished 
with a nut which may be screwed down npon the sole-plate, so soon as the 
wood screw portion is in its place. If the cylinder be a fixed one, it should 
be bolted down to the sole plate by as many bolts as are employed to attach 
the cylinder-cover, and they should be of copper or brass, in any situation 
that is not easily accessible. In well-formed bolts the spiral groove pene- 
trates about one-twelfth of the diameter of the cylinder, so that the diameter 
of the solid cylinder which remains is five-sixths of the diameter over the 
thread. The strain to which iron may be safely subjected in machinery, 
is one fifteenth of its utmost strength, or 4000 lbs. on the square inch, so 
that 2180 lbs. may be sustained by a screw an inch in diameter at the out- 
side of the threads. The strength of the holding-down bolts, therefore, 
may easily be computed, when the elevating force of the piston or main 
centre is known, but it is expedient very much to exceed this strength in 
practice, on account of the elasticity of the keelsons, the liability to 
corrosion, and other reasons. 

A very useful species of oil-cup is now employed in a number of sieam- 
vessels ; and which, it is said, accomplishes a considerable saving of oil, at 
the same time that it more effectually lubricates the bearings. A ratchet- 
wheel is fixed upon a little shaft which passes through the side of the oil- 
cup, and is put into slow revolution by a pendulum attached to it outside; 
and in revolving, it lifts up little buckets of oil and empties them down a 
funnel upon the centre of the bearing. Instead of buckets, a few short 
pieces of wire are sometimes hung on the intemal revolving wheet the 
drops of oil which adhere to them on rising from the liquid being deposited 
upon a high side set upon the funnet and which in their revolution the 
hanging wires touch. By this plan, however, the oil is not well supplied 
at slow speeds, as the drops fall before the wires are in the proper position 
for feeding the joumaL Another lubricator consists of a cock or plug 
inserted in the neck of the oil-cup, and set in revolution by a pendulum and 
ratchet-wheet or any other means. There is a small cavity in one side of 
the plug, which is filled with oil when that side is uppermost and delivers 
the oil through the bottom-pipe when it comes opposite to it In some 
cases bearings heat f^om making a cruciform groove in the top brass for 
the distribution of the oil, the effect of which is to leave the top of the 
bearings dry. In the case of revolving joumals the plan of cutting a cm- 
ciform channel for the distribution of the oil does not do much Manage; 
but in other cases, as in beam-journals for instance, it is most injurious, 
and the brasses cannot wear well wherever the plan is pursued. The 
right way is to make a horizontal groove along the brass where it meets the 



Details of Engines. 



227 



apper surface of the bearing, so that the oil may be all deposited on the 
highest point of the joamal, leaving the force of gravity to send it down- 
wards. This channel should of course stop short a small distance from 
each flange of the brass, otherwise the oil would run out at the ends. 

The paddle shaft, where it passes through the vessel's side, is usually 
surrounded with a lead stuffing-box, which will yield if the end of the shaft 
Ihlls. This stuffing-box prevents leakage into the ship fhun the paddle- 
wheels, but it is expedient as a fhrther precaution to have a small tank on 
the ship's side immediately beneath the stuffing-box, with a pipe leading 
down to the bilge to catch and conduct away any water that may enter. 
The bearing at Uie outer end of the paddle shaft is sometimes supplied with 
tallow forced into a hole in the plunmier block cover, as in the case of 
water wheels, but for vessels intended to perform long voyages, it is pre- 
ferable to have a pipe leading down to an oil cup above the journal, ftt>m 
the top of the paddle-box, tlurough which pipe oil may at any time be sup- 
plied. The eccentrics should be fitted with pans beneath them to catch the 
oil which fitdls. In vessels fitted with Hall's condensers, the pistons and 
stuffing-boxes must be supplied with oil instead of tallow, as the tallow 
congeals in the pipes of the condensers and chokes them up. The bolts for 
holding on the paddle floats should be made extra strong on account of the 
corrosion to which they are subject, and the nuts should be made large and 
should be square, so that they may be e£fectnally tightened up even though 
the comers are worn away by corrosion. Pad^e floats, when consisting of 
more than one board, should be bolted together edgeways by means of 
bolts running across their whole breadth ; they should not overhang the 
ring much at the outside of the wheel, else they will be very liable to be 
broken o£f when the wheel strikes the water heavily. The afteriQpst paddle 
beam should come as close as possible to the wheel to prevent the spray 
from being carried up. The angular pieces or wales running fh>m the ex- 
tremities of the paddle beams to the back of the deck houses, are best when 
fitted with iron gratings, as wooden gratings are liable firom their greater 
opposing surface to be carried away. The brackets supporting the paddle- 
box steps should consist of circular pieces running round the paddle-box 
from step to step, as when put on with isolated brackets the steps are liable 
to be carried away bpr the sea. The ftmnel shrouds should consist of rope 
of the same dimensions as the shrouds of the main mast, but a few feet 
at the top should consist of chain, as rope close to the funnel would be 
burned. 

It is very difficult to fix engines effectually which have once begun to 
work in the ship, fbr in time even the snrfiice of the keelsons on which the 
engines bear becomes worn uneven, and the engines necessarily rock upon 
it. As a general rule, the bolts attaching the engine to the keelsons are too 
few and of too large a diameter ; it would be greatly preferable to have 
smaller bolts, and more of them. Twelve very strong brass or copper 
holding-down bolts going through the vessel's bottom are sufficient, as we 
ha?e already mentioned, for a side lever engine, and supposing the vessel 
to be a wooden one ; but there should be a large number of wood screws 
securing the sole plate to the keelson, and a large number of bolts securing 
the vanous parts of the engine to the sole plate. In iron vessels, holding- 
down bolts passing through the bottom are not expedient, and then the 
engine has merely to be secured to the iron plate of the keelsons, which are 
made hollow and admit of the most effectual attachment of the engine. 
Where the framing is of cast iron, it is very expedient to have one piece 
running across the end of the engines clear of the connecting rod, so as to 
bind the whole of the firames together, and a cross dionld extend horizontally 
between the intermediate fhunes immediately beneath the paddle shaft, so 
as to counteract the disturbing action of the connecting rods. At the 
cylinder jaw, if the frame works, the best expedient appears to be the intro- 
duction of a number of steel tapered bolts, the holes having been previously 
bored out ; and if the flanges be thick enough, square keys may also be 
introduced, half into the one flange and half into the other, so as to receive 
the strain. If the jaw cracks or breaks awa^, a malleable iron hoop may 
be applied round the cylinder, and that will in all cases be the preferable 
expedient, where fh)m peculiarities of structure it can be as easily done as 
introducing bolts and keys. If the engines rock very much in Uie vessel, 
and are defective in other respects, it will be the preferable plan to take 
them out and thorou^^hly repair them, preparatory to their re-introduction ; 
and the keelsons will then have to be dubbed afresh, and the sole plates 
fitted carefUly to them. A common practice is to let the sole plates rest 
on the bolt heads, and then to fit in wedges all round until the vacuity is 
filled ; but it is preferable to fit the plates down solid upon the wood, and 
such is the practice of the best engineers. 

Rust joints are not now much used in marine engines, yet it is necessary 
that we should state how they are made. One ounce of sal-anmioniao in 
powder is added to 18 ounces or a pound of borings of cast iron, and a suf- 
ficiency of water is added to wet the mixture thoroughly, which should be 
done some hours before it is wanted for use. Some persons add about half 
an ounce of flowers of brimstone to the above proportions, and a little 
sludge from the grindstone trough. This cement is caulked into the joints 
with a caulking iron, about three quarters of an inch wide, and one quarter 
of an inch thick ; and after the caulking is finished, the bolts of the joint may 
be tried to see if they cannot be ftirther tightened. The skin of the iron 
must in all cases be broken where a rust joint is made, and if the place be 
greasy, the surfiuse must be well rubbed over with nitric acid, and Uien 
Washed with water until no grease remains. The oil about engines has a 



tendency to damage rust joints by recorering the oxide. Coppersmiths 
staunch the edges of plates and the rivets by means of a cement formed ol 
pounded quick-lime and serum of blood, or white of egg, and in copper 
boilers such a substance may be useful in stopping the impalpable leaks 
which sometimes occur, though Roman cement appears to be nearly as 
effectaaL It would be worth trying, however, whetiier the mixture would 
not prevent the internal corrosion of boilers, if laid on as a paint Wire 
gauxe smeared with white or red lead and interposed between surfaces made 
quite true, appears to be the best description of joint yet introduced, and 
has now become identified with the practice of the best engineers. 

Metals used in the Construction of Engines. — The general ambition in 
making cylinders is to make them sound and hard ; but it is expedient also 
to endeavour to make them tough, so as to approach as nearly as possible 
to malleable iron. This may best be done by mixing in the fUmace as 
many different kinds of iron as possible ; and it may be set down as a 
genml rule in iron-founding, that the greater the number of the kinds of 
iron entering into the composition of any casting, the denser and tougher 
it will be. The constituent atoms of dmereat kinds of iron appear to be of 
different sizes, and the mixture of different kinds maintains the toughness 
which adds to the density and cohesion. Hot blast-iron was at one time 
generally believed to be weaker than cold blast, but it is now found to be 
the stronger of the two. The cohesive strength of unmixed iron is not in 
proportion to its specific gravity; and its elasticity and power to resist 
shocks appear to become greater as the specific gravity becomes less. 
We have given, at page 26., the results of Mr. Fairbaim's experiments on 
the strengtii of iron, and may here add the average results of a number of 
experiments made in Scotland upon the same subject The bars ex- 
perimented on, were one inch square and three feet long. Coltness iron 
(No. 1.) bore a weight of 636 lbs., and the same iron (Na 3.) bore 649 lbs. ; 
Gartsherrie (Na 1.) bore 633 lbs. ; Shott's (No. 1.), 594 lbs. ; Wilsontown 
(No. 1.), 706 lbs., and (No. 2.), 718 lbs.; Pintwyn (Na 1.), 681 lbs. ; 
Calder (No. 3.), 765 lbs.; Govan (Na3.), 645 lbs.; Bumbow (No.2.X 
734 lbs. Mixed irons are found to be stronger. Coltness and Gartsherrie 
(Na 1.) bore 842 lbs. ; Coltness, Castiehill, Shott's, and Gartsherrie (No. 1.), 
639 lbs. ; Coltness (Na 1.), and Bumbow (No. 2.), 677 lbs. A mixture con- 
sisting of 2 tons Pintwyn (No. 1.), 4 tons Pintwyn (No. 2.), 5 tons of Wil- 
sontown (Na 2.), 2 tons of Wilsontown (No. 3.), 5 tons of Calder (No. 2.), 
and 4 tons of Calder (Na 3.), bore 1,008 lbs. ; and a miscellaneous lot of 
old cast iron of the cold blast manufacture, from Wilsontown, bore 1,500 lbs 
Numbers 3 and 4. are the strongest irons in most cases : iron remelted in 
a cupola is not so strong as when remelted in an air furnace ; and when 
run into green sand it is not reckoned so strong as when run into dry sand 
or loam. The quality of the fuel, and even the state of the weather, exerts 
an infiuence upon the quality of the iron : smelting Aimaces on the cold 
blast principle have long been known to yield better iron in winter than in 
taxnmer, probably fW>m the existence of less moisture in the air ; and it 
would probably be found to be an improvement in iron-founding if the 
blast were to pass through a vessel containing muriate of lime, by which 
the moisture in the air would be extracted. The secret of making fine- 
skinned castings lies in using plenty of blackening. In loam and d^ sand 
castings the charcoal should be mixed with thick clay water, and applied 
until it is an eighth of an inch thick, or more ; the surface should then be 
very carefully smoothed or sleeked, and if the metal has been judiciously 
mixed, and tiie mould thoroughly dried, the casting is sure to be a fine 
one. Dry sand and loam castings should be as much as possible made in 
boxes; the moulds may thereby be more rapidly and more effectually 
dried, and better castings will be got, with a less expense. 

In the malleable iron work of engines scrap iron has long been used, and 
considered preferable to other kin£ ; but if the parts are to be case-hard- 
ened, as is now tiie usual practice, the use of scrap iron is to be reprehended, 
as it is almost sure to make the parts twist m the case-hardening pro- 
cess. In case-hardening, iron absorbs carbon, which causes it to swell : 
some kinds of iron have a greater capacity for carbon than other kinds, 
and in case-hardening they will swell more ; and any such unequal enlarge- 
ment in the constituent portions of a piece of iron will cause it to change 
its figure. In some instances case-haMening has caused such a twisting of 
the parts of an engine, that they could not afterwards be fitted together. It 
is preferable therefore to make such parts as are to be case-hardened to any 
considerable depth of Lowmoor iron, which, being homogeneous, will absorb 
carbon equally, and will not twist 

Piston-rods are now very generally made of steel, and are obtained of 
the requisite size and quality from the rolling-milL Steel is made almost 
exclusively firom Dannemora iron: the bars arc arranged in a furnace about 
14 feet long ; a layer of charcoal is spread over the bottom, then a layer of 
bars, and so on until about 10 tons of iron has been introduced. The top is 
covered with charcoal, over which is a layer of sand, and above that a layer 
of slush fh>m the grindstone trough, applied wet, the object of which is 
entirely to exclude the air. The fire is then lighted, and in about a week 
the iron will have increased in weight a one hundred and fiftieth part, 
and be found converted into blistered steeL These bars may then be £ig- 
gotted and tilted, so as to form steel articles of any size. In the operation 
of case-hardening the same process is carried on as in converting iron into 
steel, but it is only continued for such a time as to enable the charcoal to 
penetrate to a moderate depth. In our judgment all the malleable iron 
parts of a marine steam engine ihould be case-hardened, as they cannot 
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then be so easily defaced, by hammer marks or otherwise, and will be mnch 
less liable to rast The more imwieldy portions may be case-hardened by 
prossiate of potash, a salt made from animal substances, composed of two 
atoms of carbon and one of nitrogen, and which operates on the same 

grinciple as in the case of case-hardening by means of charcoal. The iron 
( heated in the fire to a dull red heat, and the salt is either sprinkled apon 
it or rubbed on in the lump, or the iron is rolled in the salt in powder : the 
iron is then returned to the fire for a few minutes, and immersed in water. 
By some persons the salt is supposed to act unequally, as if there were 
greasy spots upon the iron which the salt refused to touch, and the e£fect 
nndi^r any circumstances is exceedingly superficial ; nevertheless, upon all 
parts not exposed to wear, a sufficient coating of steel may be obtained by 
this process. The most common plan of case-hardening consists in insert- 
ing the articles among horn or leather cuttings, bone dust, or animal char- 
coal, in an iron box provided with a tight Ud, which is then put into a 
furnace, and kept hot for a period answerable to the depth of steel required. 
In some c-ases the plan pursued by the gunsmiths may be employed with 
convenience. The article is inserted in a sheet-iron case, amid bone dust, 
often not burned ; the lid of the box is tied on with wire, and the joint luted 
with clay, and the box is heated to redness as quickly as possible, and kept 
half an hour at a uniform heat. Its contents are then suddenly immerged in 
cold water. The carbonaceous lining in the inside of old retorts is some- 
times used in case-hardening with good e£fect 

Steel is hardened by heating and cooling it suddenly, and softened by 
heating and cooling it slowly. A thin blade of steel, if heated, and placed 
between the cold hummer and anvil, will become extremely hard ; whereas 
a thick piece of steel would not be made hard by such a mode of treat- 
ment Mercury has been proposed, instead of water, for hardening steel, 
but its use is not attended with sensible advantage. Salt and water is also 
used, but the articles immersed in it are liable to rust, unless afterwards 
Steeped in lime-water. Water which has been long used for tempering is 
supposed to be preferable to fresh water, and if the steel is harsh the chill 
is taken off the water. In the case of thin edge tools the water is some- 
times covered with a film of oil, but it is a question whether plain water is 
not preferable. The file makers medicate the water they use for temper- 
ing, and the method of doing so forms one of the secrets of the trade ; but 
it appears probable that a little white arsenic is the chief addition they 
make. A common practice with some steel articles is to make them in the 
first instance as hard as possible, and then to soften them somewhat, or let 
them down, as it is called, by heating them to a certain temperature, which 
is indicated by the colour they assume. A pale straw colour, which is in- 
dicative of a temperature of from 430^ to 450^, is the colour proper to tools 
for metal ; a dark straw colour, 470^ to 490^, is that suitable for tools for 
wood and for screw taps ; a brown yellow, verging to a light purple, 500° 
to 530^, is the colour suitable for hatchets and saws ; and a dark blue, 550° 
to 600^, is the colour for springs. Steel dies may be tempered by heating 
them to the colour of sealing wax, plunging them into naphtha heated to 
200°, and so soon as ebullition ceases plunging them into cold water. It 
appears to be the prevailing opinion among experienced mechanists, that 
for the great majority of articles requiring to be tempered, plain cold water 
is the best agent, but that for small elastic works oil is preferable. For letting 
down large tools, a red hot muffle is a convenient instrument, and is used in 
the Bank of England. Steel articles may be most effectually softened by 
exposing them to a high heat, imbedded in a mixture of charcoal and 
and chalk. Steel that has been spoiled by overheating may be recovered 
by heating and quenching in water four or five times, carrying each to a 
somewhat less degree than the first excess, and finally the steel must be 
well hammered at a red heat, continuing the hammering until the steel is 
nearly cold. 



Copper and zinc seem to mix in all proportions, and every addition of 
zinc increases the fusibility. The red colour of copper slides into that of 
yellow brass at about 4 or 5 oz. to the pound, and remains little altered to 
about 8 or 10 oz. ; after this it becomes whiter, and when 32 oz. of zinc are 
added to 16 of copper the mixture has the brilliant silvery colour of spe- 
culum metal, but with a bluish tint The alloys with zinc retain their 
malleability and ductility well, to about 8 or 10 ounces to the pound ; after 
this, the crystalline character begins to prevaiL The alloy of 2 zinc and 
1 copper may be crumbled in a mortar when cold. The ordinary range of 
good yellow brass, that files and turns well, is fh>m about 4) to 9 oz. to the 
pound. Brazing solders may be stated in the order of their hardness — 
3 parts copper and 1 part zinc (very hard) ; 8 parts brass and 1 part zinc 
(hard) ; 6 parts brass, 1 part tin, and 1 part zinc (soft). A very common 
solder for iron, copper, and brass consists of nearly equal parts of copper 
and zinc. Muntz's metal consists of 40 parts of zinc and 60 of copper. 
Any proportions between the extremes of 50 zinc and 50 copper, and 37 
zinc and 63 copper, will roll and work at the red heat, but 40 zinc to 60 
copper are the proportions preferred. Bell metal for large bells consists of 
4| oz. to 5 oz. of tin to the pound of copper. Speculum metal consists of 
from 7^ oz. to 8i oz. of tin to the pound of copper. Tough brass for 
engine-work, 1) lb. tin, 14 lb. zinc, and 10 lbs. copper. Brass for heavy 
bearings, 2^ oz. tin, \ oz. zmc, and I lb. copper. There is a great differ- 
ence in the length of time brasses wear, as made by different manufac- 
turers, but the difference arises as much f^om a different quantity of surface 
as from a varying composition of the metal. Brasses should always be 
made strong and diick, as when thin they collapse upon the shaft, and in- 
crease the friction and the wear. 

Babbit's patent lining metal for bushes has latterly been introduced in 
the bushes of locomotive axles, and other machinery, composed of 1 lb. of 
copper, 5 lbs. regulus of antimony, and 50 lbs. of tin, or other similar pro- 
portions, the presence of the tin being the only material condition. The 
copper is first melted, and the antimony is added, with a small portion of 
the tin, charcoal being strewed over the metal in the crucible, to prevent 
oxidation. The bush ojr article to be lined having been cast with a recess 
for the soft metal, is to be fitted to an iron, formed of the shape and size 
of the bearing or journal, allowing a little in size for the shrinkage ; drill a 
hole for the reception of the soft metal, say from } to ) of an inch diameter: 
wash the parts not to be tinned with a clay wash, to prevent the adhesion 
of the tin ; wet the part to be turned with alcohol, and sprinkle fine sal 
ammoniac upon it ; heat the article till a fume arises ft-om the ammonia, 
and immerse it in a kettle of Banca tin, care being taken to prevent ox- 
idation. When sufficiently tinned the bush should be soaked in water, to 
take off any particles of ammonia that may remain upon it, as the ammonia 
would cause the metal to blow. Wash with fine pipe clay and dry, then 
heat the bush to the melting point of tin, wipe it clean, and pour in the 
metal, giving it sufficient head as it cools ; the bush should then be scoured 
with fine sand, to take off any dirt that may remain upon it, and it is then 
fit for use. This metal wears for a longer time than ordinary gun metal, 
and its use is attended with very little friction. If the bearing heats, 
however, from the stopping of the oil-hole, or otherwise, the metal will be 
melted out 

Details of Boilers. 

Proportiofu, — The plate we have given of the proportions of Boulton 
and Watt's waggon boilers, of various powers, is a very valuable guide in 
the construction of all kinds of land, and even of marine boilers ; for those 
proportions have been fully tested in practice, and found more satisfactory 
than any other for ordinary occasions. We may here recapitulate the 
chief proportions of this species of boiler. 



Proportion of Boulton and Watt's Waggon Boilers of various powers. 



Horses' Power - . - - 


2 


3 


4 


6 


8 


10 


12 


1 
14 


16 


18 


20 


SO 


45 




ft. in. 


ft in. 


ft. in. 


ft in. 


ft in. 


ft in. 


ft. in. 


ft. in. 


ft. in. 


ft in. 


ft. in. 


ft in. 


ft. in. 


Length 


4 6 


5 3 


6 


7 


8 


9 


10 


10 


11 9 


12 8 


13 6 


16 


19 


Breadth at water-line - - - 


3 2 


3 4 


3 6 


3 9 


4 


4 3 


4 6 


4 9 


5 


5 2 


5 4 


5 6 


6 


Height 


4 I 


4 4 


4 7i 


6 li 


5 6 


5 9^ 


6 


6 2i 


6 6 


6 8 


6 10 






Height of water - - - - 


2 6 


2 8 


2 10 


3 3 


3 6 


3 8 


3 9 


3 10 


4 


4 1 


4 •-' 


4 9 


5 6 


Radius of crown - - - - 


1 7 


1 8 


1 9 


1 101 


2 


2 H 


2 3 


2 4^ 


2 6 


2 7 


2 8 


2 9 


3 


Heating surface - . - • 


30 


38 


46 


64 


83 


100 


118 


138 


156 


176 


201 297 


438 


Height of flue round boiler - 


1 9 


1 10 


1 11 


2 4 


2 9 


3 1 


3 2 


3 5 


3 7 


3 9 


3 11 


4 


4 9 


Width of fine round boiler - 


9 


9 


10 


10 


1 


1 


1 1 


1 1 


1 2 


1 2 


1' 2 


1 4 


1 3 


Heating surfoce per horse power - 


15 


13 


11 


10-7 


10-2 


10 


9-8 


9-8 


9-7 


9-8 


10 


9-8 


9 6 


Capacity of steam room in cubic feet 


17J 


22i 


23( 


34} 


50 


64 


72 


80 


97 


106 


114-7 


190 


268 


Contents of water in cubic feet 


37 


40 


56 


76 


103 


134 


162 


205 


238 


270 


299 


282 


342 



The 30 and 45 horse power boilers contain internal fines. 



A pound of coal raises about 9 lbs. of water into steam, in the m^ority 
of good land boilers ; but in some of the Cornish boilers, a pound of ooal 
raises 12 lbs. of water into steam, or a cwt of coal evaporates about 20 
cubic feet of water. The weight of fuel burned on each square foot of 
grate-bars varies ?ery much 'm different boilers ; in waggon boilers it is 



about 12 or 13 lbs., in Cornish boilers fh>m 3 J to 4 lbs., and in locomotive 
boilers about 80 lbs. The number of square feet of heating surface for 
each square foot of fire grate, is in waggon boilers fh>m 14 to 15 square 
feet ; in Cornish boilers, about 40 s(|uare feet ; and in locomotive boilers, 
upwards of 70 square feet Reckomng an engine of 73 inches diameter of 
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cylinder, and 7 feet length of stroke at 217 horses* power, the area of fire 
grate in the most judiciously constructed marine fine boilers, such as that 
of the Great Western, is '46 of a square foot, — the engine working expan- 
sively from one third to one fourth of the stroke. The heating surface in 
this boiler is 8*8 square feet per horse power, if the horse power be reck- 
oned by our rule, page 107., so that the heating surface is 19 times the 
area of the grate surface ; and if the consumption of fuel be taken at 6 lbs. 
per horse power per hour, as it was very nearly, there will be about 13 lbs. 
of coal consumed per hour on each square foot of fire grate. In the tubular 
boilers latterly introduced into steam vessels, the proportions are somewhat 
different. The boilers of the Braganza, reckoning the power of the en- 
gines at 289 horses' power, have only *39 square feet of fire grate per horse 
power, while the heating surface is 11*98 square feet per horse power ; but 
the grate surface, in this case, admits of a ready increase by lengthening 
the bars. This is at the rate of 30*71 square feet of heating surface for 
one square foot of fire grate ; and if the consumption be taken at 6 lbs. per 
horse power per hour, there will be 15-38 lbs. of coal consumed per hour 
on each square foot of fire grate. The grate surface per horse power in 
the tabular boilers of the Tagus is *38 square feet, and the heating surface 
is 7 '73 square feet, which is at the rate of 20*39 square feet of heating 
surface per square foot of grate. In the tubular boilers of the Sydenliam, 
the proportion is 2 1 '64 square feet of heating surface per foot of grate, but 
the proportion of grate per horse power is larger than in the Tagus. In 
the tubular boilers of the Ocean steamer (232 horse power) the grate sur- 
face per horse power is '59 square feet, the heating surface 13*48 square 
feet per horse power, which gives 22*84 square feet of heating surface per 
square foot of grate. The consumption of coal per horse power per hour 
is 8*68 lbs., which is at the rate of 14*71 lbs. per square foot of fire grate 
per hour ; but if, for the sake of comparing it with the previous examples, 
the consumption be taken at 6 lbs. per horse power per hour, as would be 
the case if the engine were worked more expansively, then the consump- 
tion of coal per hour on each square foot of fire grate would be 10*17 lbs. 
These particulars may be tabulated thus : — 









Heating 












surface per 




Heating 








nominal 


Grate surface 


surface 


Veciels. 


Makers. 


horse power, 
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grate surface. 








pp. 96, 97. 






Great Western 


Flue boilers - 


Maudtlay 


8-8 


•46 


19 


Brattanza 


Tubular 


Bury 
Miller 


11-98 


•39 


30-71 


Tajcui - 


Tubular 


7-73 


•38 


20 39 


Ocean - 


Tubular 


Horton 


13*48 


•69 


22-84 


Sydenham 


Tubular 


Woolwich 






21-64 


Phoenix - 


Tubular 


Penn 


9*1 

• 


•44 


20 



The boilers of the Phoenix^ by Messrs. Penn, are represented in one of 
our plates. 

The amount of steam room in boilers varies very much. Waggon boilers 
of 2 horses* power, it will be observed, have about 8 cubic feet of steam 
room per horse power, and the proportion diminishes as the size of the 
boiler is increased, until at 45 horse power the steam room is about 5 cubic 
feet per horse power. In the tubular boilers of marine engines, the pro- 
portion is less than this. The tubular boilers of the Braganza have about 
3*44 cubic feet of steam room per horse power; those of the Ocean^ 2*58 
cubic feet, while some have as little as 1-79 cubic feet; but these last are 
addicted to priming. The proportions of half a square foot of grate sur- 
face, lOJ to 11^ square feet of heating surface, and 3 cubic feet of steam 
room per horse power, seems to answer very well for tubular boilers when 
the engines work expansively through one third or one fourth of the 
stroke. In these estimations, the whole of the tube surface is reckoned as 
effective surface. 

The proper arrangement of heating surface in a boiler, so as to prevent 
the overheating of the plates, is very important. Surfaces exposed to a 
high temperature should always be so made that the steam may disengage 
itself easily from the metal ; for if it be retained in contact with it for any 
considerable time, the access of the water will be prevented, and the plate 
will become overheated in consequence. The vertical sides of high fur- 
naces are often greatly damaged from this cause: the steam is retained 
among the landings of the plates and other irregularities of surface, and 
the sides of the surface become buckled and drawn from the iron becoming 
overheated. It is very expedient, therefore, to make all furnaces of ma- 
rine or locomotive boilers wider at the bottom than at the top, ai^er the 
fashion shown in the plate of the Phcmix steamer, by Messrs. Penn ; the 
landings of the plates should also be made so as to prevent the possibility 
of steam bcin^ retained in them. The aftermost tul)e plate should be set 
at a slight angle to facilitate the liberation of the steam ; and as the tubes 
will thus be somewhat off the horizontal, any water which may escape by 
leakage will run into the furnace, instead of incommoding the firemen by 
running out of the smoke-box doors. 

Construction of Boilers. — The whole of the shells of boilers intended to 
withstand any considerable pressure, should be double rivetted, with rivets 
2^ inches from centre to centre, the weakening effect of double rivetting 
being much less than that of single rivetting. The furnaces above the 



line of the bars shonld be of the best I^owmoor or Staffordshire scrap plates, 
three eighths thick, and each furnace above the bars should consist of three 
plates, one for the top and one for each side, the underseam of the side 
plates being beneath the level of the furnace bars. The tube plates of 
tubular boilers should be of the best Lowmoor iron, seven eighths to one 
inch thick ; the shells should be of the best Thomycroft S crown iron, or 
of Staffordshire iron, of good quality, and seven sixteenths thick at the 
least Angle iron should not be used in any part of a boiler, as in the 
manufacture it becomes reedy, like wire, and is apt to split in the direction 
of its length. It is a much safer dependence to bend the plates, if it be 
carefully done, and without any more sharp turns than can be helped, but 
it is convenient to use a little angle iron about the furnace mouths, which 
should be of the very first quality. The whole of the plates of boilers 
should be punched with a double punch, one nipple of which enters the 
hole last punched, while the other punches the hole ; and it is very con- 
venient to have the punching press provided with a travelling table, 
whereby the operation of punching and paring the edges of the plates is 
made a self-acting one. The use of drifts and screw-jacks in putting the 
parts of boilers together, should not be permitted. The rivets should be 
of the best Ix)wmoor iron, eleven sixteenths in diameter. The whole of 
the work should be caulked both inside and outside, so far as it is access- 
ible ; the parts may then be washed over with a solution of sal ammoniac, 
and the rivets and landings above water painted over with a mixture of 
whiting and linseed oil, as mentioned at page 202. It is very desirable 
that the <:pace between the furnaces and tubes of tubular boilers should be 
snfBciently large to enable a man or boy to get in. The bend joining the 
top of the furnace at the after end with the bottom of the tube plate, is 
very liable to get burnt away ; and its repair will be most difi&cnit, unless 
made accessible from the inside to hold on the rivets. The boilers of the 
Sydenham^ page 65., are very judiciously formed in this as well as in most 
other respects ; it appears expedient, however, to shield this and another 
such exposed part, where the heat acts injuriously upon the iron, by means 
of fire blocks moulded to the place, and secured by nuts sunk into dove- 
tailed recesses in the substance of the block, which recesses are finally 
filled up with fire clay. In new boilers even, such an application is most 
expedient in situations in which injury to the iron, from the impact of 
flame, is experienced or apprehended. The plate on the furnace side of 
the water-space at the end of the boiler should be inclined considerably 
towards the tubes to facilitate the ascent of the steam ; and it appears to be 
the preferable way to round off the top of the chamber leading from the 
furnace to the tubes, as in the case of the Braganza*s boilers, shown at 
page 67. It appears preferable, too, to zig-zag the tubes sideways, as in 
the case of the Braganza's boilers ; as a greater strength of iron is thus 
got between the holes in the end plates, without diminishing the facility of 
scaling the tubes, or introducing any instrument down between them to 
keep the spaces clear. 

Tubing and staying of Boilers. — The tabes of boilers are most generally 
secured at the ends by means of ferules driven tight into them, the holes 
in the end plates being usually countersunk, and a corresponding projec- 
tion being made on the ferules. The ferules next the furnace are best 
made of steel, while, for the other ends, malleable iron ferules answer as 
well. The tool in which the ferules are made consists of three pieces ; one 
piece is set in the anvil, and consists of a flat plate with a nipple on it, 
rising to half the depth of the ferule, and rounded at the comers; the next 
piece consists of a ring furnished with a handle, and with its lower edge 
recessed slightly into the flat plate so as to steady it, and this ring is larger 
in its internal diameter than the nipple by twice the thickness of the ferule ; 
the last piece consists of another nipple made like the first, but formed 
with a head like a punch. A small hoop is formed by welding a piece of 
steel or iron, and is dropped into the space between the interior of the 
ring and the lower nipple ; the upper nipple is then forced down by striking 
the punch head with a forge hammer, whereby the ferule is moulded to 
the right form: the parts are finally taken asunder, whereby the ferule is 
liberated. 

In brass tubes the use of ferules appears to be indispensable, but in the 
case of stout iron tubes, such as Russell's patent boiler tube, they are un- 
necessary ; and the best plan, when iron tubes are used, appears to be to 
widen one end of the tube, slightly, and to drive the tube in from the front 
of the boiler into both tube plates, the holes in the front plate being made 
one sixteenth wider than those in the back plate, and the tube being 
widened correspondingly. Before the tubes are driven in, the holes in 
the tube plates must be slightly countersunk, and the tubes must finally 
be carefully rivetted in. It will be expedient to screw a few of the tubes 
into the tube plates instead of rivetting them, so as to serve as stays, and 
also as abutments to rivet the rest of the tubes against The screwed tubes 
should be left a little longer than the others ; and thin nuts made of boiler 
plate should be screwed upon the projecting ends to prevent leakage, and 
add to the security of the staying. In fitting in the tubes in this way, great 
care is necessary to make them perfectly tight ; and it will be expedient to 
turn the ends slightly in the lathe to give them a trifling taper, and make 
them all precisely of the same size. In driving them in, each tube should 
not be driven home at once, as that will spring out the iron between the 
holes, but they should be all fitted in first with the common chipping 
hammer, and when thus all equally fitted, they should be driven home by 
a heavy hammer, or ram. The countersink in the holes must be but 
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slight, and must be filled rather by rivettinfr up endways than by rivetting 
over. In some cui^es, l>oilL'r8 are made with collars rivetted on the tubes 
immediately behind the tube plates, but this plan is attended with the ob- 
jection that a tube cannot be renewed without taking the boiler asunder ; 
and with the still greater defect, as it appears to us, that the ends of the 
tubes will be liable to get burned away in consequence of the internal 
collar preventing the access of the water. Boilers formed on this plan, 
therefore, will, we believe, be found to become leaky at the ends of the 
tubes ; and unless stayed, independently of the tubes, the tube plates will 
be forced asunder by the pressure of the steam. 

We can best illustrate our views upon the staying of boilers by taking a 
particular case, and we may suppose that it was required to stay the boilers 
of the Phatnix, represented in one of our plates, in such a way as to be 
safe under a very high pressure. To do this, it would be necessary to stay 
the sides of the furnaces to one another by three stays in the direction of 
their height, and five or six stays in the direction of their length, llie 
highest row of stays would run along where the crown of the furnace joins 
the side, and the lowest where the bottom of the furnace joins the side, the 
third being situate<l in an intermediate position, so as to be shielded as 
much as possible by the furnace bars from the action of the heat. The 
bottom of each furnace should be stayed to the bottom of the shell by two 
rows of stays, and the tops of the furnaces should be secured by means of 
arched malleable iron bars, to which the plate would be stayed as in loco- 
motive boilers. These arches should touch the plates only at the points at 
which the stays go through, and their lower edges should be sharpened 
away in order to facilitate the disengagement of the steam ; they may be 
joined together athwurtships, or made in the same piece, and from the part 
opposite each water space a row of stays should run to the top of the 
boiler. To enable these stays to pass, a perpendicular row of tubes must 
be lel^ out opposite each water space, which will have the further advantage 
of enabling the water to circulate with greater facility. The steam chest 
should be stayed both fore and aft and across, with stays pitched 18 in. 
or 2 ft. apart; a row of athwartship stays should run horizontally across 
immediately under, and another immediately above the tubes, and from 
the ends of the stays of the superior, to the ends of those of the inferior 
row, vertical bars should ascend between the tubes and the shell, to which 
the shell may be stayed while the sides of the water-space between the end 
of the furnaces and the end of the boiler are stayed with stays of the same 
dimensions and pitch as those of the furnaces. These stays may consist 
of 1 j- in. bolts of the best scrap iron tapped through both plates, and in the 
furnaces they should have thin nuts of boiler plate on their ends ; but 
where stay bolts penetrate the boiler shell, they may have heads on the 
outside of the boiler. The whole of the long stay bars should be fixed in 
their places, not with cutters, as is the common fashion, but with rivets ; 
they should be as it Mere built into the boiler, so that the safety of the 
boiler cannot be endangered by the decay or accidental detachment of a 
cutter or pin. Where stays join on to the root of the funnel, they must be 
continued through it by placing short stays in the inside, and wherever 
a large perforation in the shell of a boiler occurs, from the application of 
a steam chest or otherwise, a sufficient number of stays should be put 
across the opening to make the strength as great as if there were no 
perforation. 

Resi)ecting the strength of boilers, we have already made some observa- 
tions at pages 82. and 83., where we have stated that it is expedient to keep 
within a load of 3000 lbs. upon the square inch of mm in boilers in actual 
use. The breaking strain of good iron is about 60,000 lbs. on the square 
inch, but the best malleable iron will not bear a greater load than al)out 
18,000 lbs. on the square inch, without permanent derangement of struc- 
ture, or 17,800 lbs., as is stated at page 102. Tredgold gives a rule for 
determining the strength of cylinders, cylindrical boilers, and other such 
vessels, which gives proportions not far from those which are advisable. 
It is this: — Multiply 2*54 times the internal diameter of the cylinder by 
the greatest force of steam on a circular inch ; divide by the tensile force 
the metal will bear without permanent derangement of structure ; the 
result is the thickness in inches. In practice, the iron of boilers has some- 
times to sustain a greater strain than what is indicated in this rule. The 
utmost strain to wliich iron can be safely subjected in machinery, is 4000 lbs. 
on the square inch, and this strain is approached in locomotive engines. A 
cylinder 12 in. diameter, with a piston-rod ij in. diameter, and with steam 
of 80 lbs. on the square inch, bears a tensile strain of 3766 lbs. on the 
square inch. Upon the iron of the boiler the strain is still greater, being 
almut 500t) lbs. on the square inch. If the plate be -^ thick, it will require 
3'2 in. in length of the boiler to make a square inch of sectional area, and 
if the diameter be 89 in., the separating force will be 39 x 3*2 x 80 = 9984 
lbs. But this strain is borne by a square inch of sectional area on each 
side of the boiler, wherefore the strain on a single square inch of sectional 
arva is half of this, or about SiHK) lbs. This takes no account of the sup- 
port derivi*d from the b<nler ends, but in long boilers the support derived 
fh>m the ends is but small, and is not equivalent to the weakness caused 
by the rivet holes. A strain at all approaching that upon locomotive 
boilers would be most unsafe in the case of marine boilers, on account of 
the corrosion to which thoy are subject. All boilers should be proved 
with water when new, to three or four times the pressure they are intended 
to carry, and they should be proved occasionally by the hand-pump, when 
io use, to detect any weaknesses that corrosion ' may have created. In 



connection with the strength of boilers, we may state that the " Adminis> 
tration des Fonts et Chaussees," in France, has fixed the following formula 
for the dimensions of safety valves for stationary engines. <f= diameter in 
centimetres ; c=the total heating surface in square mdtres; nssthe effective 
pressure in the boiler in atmospheres ; 
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A metre is 3*28 feet, and a centimetre is the hundredth part of a m^tre, 

or 0328 of a foot. Every marine boiler should be provided with a safety 

valve, the action of which is independent ot that of the stop valve, so that 

though the stop valve becomes deranged, the safety valve of that boiler will 

' nevertheless act 

It is very desirable that a marine boiler should be fired fV-om the one 
end only, as in the case of the PhoBnix, a material saving of room being 
thereby effected in the ship. In that case, too, there is no inducement to use 
more than one funnel. Funnel plates are usually 9 feet long and fj, thick, 
and if there be a platform for coal over the boilers, it will be the best 
economy to make it of the same thickness, but the oUier parts of the 
bunkers may be made of sheet iron weighing 8 lbs to the square foot The 
dampers should not be in the funnel, but in th»* top of the uptake, so that 
they may be closed if the funnel is carried away. It is expedient to put 
two hoops ui)on the funnel for the attachment of the funnel shrouds, so 
that the funnel will not be carried overboard should the bolts joining the 
lugs of one hoop break, or should the funnel break across at the top hoop, 
as has sometimes happened from the corrosive action of the steam escaping 
at the waste steam pipe. A high angle iron cooming should surround the 
funnel, on the deck, outside of which should rise a sheet iron casing, and 
this sheet iron casing should be rivetted to the cooming or made quite 
tight thereto, so as to prevent the possibility of water leaking down on top 
of the boiler. Over tlie casing, another short piece of casing rivetted t<» 
the funnel should descend for about a foot, so as to prevent the spray from 
entering between the casing and the funnel, and thus getting down upon 
the boiler. The usual height of the funnel of sea-going steamers is from 
40 to .50 feet. 

Mitcellaneous Remark* about Boilers. — All the rough nuts about a steam 
vessel which require to be screwed and unscrewed frequently, such as the 
bolts of the man-hole and mud-hole doors of the boiler, should have largo 
square nuts, and the bolts should be strong and have coarse threads. 
Hexagonal nuts speedily become round in the hands of the firemen, by 
whom the mud-hole and man-hole doors are generally taken off, and fine 
thr^'ads soon get stripped and overrun. It is much the safest way to put on 
both mud-hole and man-hole doors from the inside, with cross bars on the 
outside to ke(?p them closed. The plan sometimes followed, of putting on 
mud-hole doors from the outside, and securing them by one or two bolts, is 
a practice we have already reprehended as full of danger, as, if the thread 
strips or the bolt breaks, the door will fly off, and the boiling water rush 
out, scalding every one in the vicinity. Mud-hole doors of this kind, even 
if they leak, cannot be screwed up to tighten them when the steam is up, as 
there is a perpetual risk, in tightening the doors, of stripping the thread or 
breaking the bolt. 

We have already, in pages 84. and 93., made some remarks upon the 
corrosion of boilers, and have here but little to add upon the subject The 
tops and steam chests of boilers, and the bottoms of the ash-pits, are the 
first parts to give way. The steam-chest wears chiefly fh)m internal action ; 
in some cases the iron exfoliates in the form of a black oxide, which 
separates in flakes like the leaves of a book ; while in other cases the iron 
is, as it were, gouged away, and the heads of the rivets are worn off, as if 
by an acid. It is most important that a remedy should be found for this 
evil, and it appears probable that by painting the interior of the boiler with 
successive coats of Roman cement, or of some of the calcareous cements 
which resist the action of water, the internal corrosion of the boiler might 
be prevented. Canvass soaked in liquid cement has been proposed, but it is 
questionable whether the canvass might not on some occasion come off, and 
if it got into the mouth of the safety valve orifice, it might cause the boiler 
to burst. The ash-pits are worn away chiefly by the wetting of the aohes 
in the stoke-hole, and it is expedient to apply shield plates to those places 
when the boilers are made, which plates only will be exposed to wear, and 
may be easily renewed, leaving the ash-pits untouched. The best method 
of setting boilers appears to be to set them on a platform, and care must he 
taken that no projecting copper bolts touch the boilers in any part, as they 
will be very likely to corrode the points of contact into holes. The plat- 
form may consist of 3* inch planking, laid across the keelsons, nailed with 
iron nails, and caulked and puttied like a deck. The surface may then be 
painted over with thin putty, and fore and aft boards of about' half the 
thickness may then be laid down — ^the heads of the nails being well punched 
down. This platform mu.st next be covered with mastic cement, and the 
cement must be caulked beneath the boiler by means of wooden caulking 
tools, so as completely to fill every vacuity. Coomings of wood must next 
be laid round the boiler, to confine the cement ; and the space between the 
coomings and the boiler must be caulked full of cement and be smoothed 
off with a slope on the top so as to throw off any water that may chance to 
fall upon it Many cements suitable for the setting of boilers are sold 

ready made ; the following is one of the compounds sometimes used : 

To any given weight of sand, or pulverised earthenware, add two thirds of 
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snch f^ven weight of Portland, Bath, or any other similar stone, pulverised. 
To every five hundred and sixty pounds weight of these earths, so prepared, 
add forty pounds weight of litharge, and, with the last-mentioned given 
weights, combine two pounds weight of pulverised glass or flint-stone. 
Then join to this mixture one pound weight of minium and two poL-.ids 
weight of grey oxide of lead. The composition being thus mixed, pass the 
same through a wire sieve, or dressing machine, of such a fineness as may 
be requisite for the purpose intended, preferring a fine sieve, when the 
composition is to be used for works that require a fine, smooth, or even 
surface. It is now a fine and dry powder, and may be kept open in bulk or 
in casks for any length of time, without deterioration. ^Vhen this com- 
position is intended to be made into cement, it is spread upon a board or 
platform, or mixed in a trough ; and to every six hundred and five pounds 
weight of the composition are added five gallons of vegetable oil, as linseed 
oil, walnut oil, or pink oil The composition is then mixed in a similar way 
to mortar ; it is afterwards subjected to a gentle pressure by treading upon 
it, and this operation is continued until it acquires the appearance of 
moistened sand. The cement should be used the same day the oil is added, 
otherwise it will fix or set into a solid mass. 

The large rivets sometimes used as stays for the shells of boilers, are 
objectionable, as the heads very often come off^ and if the fracture be 
between the boilers in a position not accessible from the outside, it will be 
necessary to empty the faulty boiler of its water, in order to repair the 
defect. The sides of furnaces should always be made to incline to each 
other in the manner already mentioned, so that the crown is not so wide as 
the fire bars, and it is a good arrangement to place the bars adjoining the 
sides close against the sides throughout their length, so as to leave no air 
space in that situation. By this arrangement the intensity of the heat 
acting immediately against the plates of the sides is diminished. A crack 
in a plate is most conveniently closed, by boring several holes along its 
length, and closing them with rivets having large heads which cover over 
the defect If a patch be applied to the top of a furnace or flue, it is better 
to apply it from the inside of the boiler rather than from the flue, as in the 
latter case a recess is left into which deposit falls, and a hole is likely then 
to be burnt again in the same place. It the furnace mouth be contracted 
by bending in the sides of the furnaces, as is the general practice, it is ne- 
cessary to be very careful that scale does not accumulate in these corners, 
else they will be very liable to be burnt into holes. The waste steam pipe 
should be set into a faucett at the bottom, instead of being constructed with 
a flange, as the neck of a flange will be broken by the movement of the 
funnel when the vessel rolls. The waste steam pipe should be as high as 
the fhnnel, as, if lower, the waste steam continually striking against the 
funnel wears it out in that part very rapidly. The pipe for conducting 
away the waste water fW)m the top of the safety valve, should lead over- 
board, and not into the bilge, as the steam which passes through it when 
the steam is blowing off is inconvenient if directed into the ship. Respect- 
ing fire bridges, the preferable practice, on the whole, appears to be to 
construct them of bnck rather than to make them water bridges, as M-ith 
water bridges there is often trouble from the cracking of the plates. If 
water bridges, however, be used, they should be made with a great inclina- 
tion in the breadth of the furnace, to facilitate the escape of the steam, as in 
the boilers of the Thames and Medway, page 61., or of the Phoenix, page 
52. Flame bridges have been introduced into the furnace flues of steam 
vessels on some occasions, consisting of a pile of fire brick, between which 
and the sides of the flue only a space of about three inches is left for the 
flame and smoke to pass through, and the flame is spread in a sheet over 
the interior of the flue. Where the flue is very large, the use of a flame 
bridge appears to be expedient, and in land boilers with large internal tubes, 
its use has been attended with beneficial results, but in the majority of 
marine boilers we believe that it will prove of but little service. Hanging 
bridges, consisting either of brick or sheet iron, descending fh>m the top of 
the flue, as explained at page 65., are very beneficial in the minority of flue 
boilers, but are inapplicable in the case of tubular boilers, A Venetian 
damper, however, or a perforated plate applied at the end of the tubes, 
would probably produce the same efiiict, as it might be made to retain 
the heat in the upper portion of the tubes by only opening it partially. 
Dampers of the Venetian blind description are used upon the South Western 
Railway ; their structure is more fully explained in our remarks upon the 
details of locomotives. 

LOCOMOTIVE ENGINES. 

General features of the Boiler, — The boiler is the most important 
part of a locomotive engine, and the useful effect of the machine de- 
pends in a great degree on the boiler being capable of generating the 
requisite quantity of pure steam, without requiring the draught of air 
and flame through the fire and tubes to be accelerated or forced exces- 
sively. The fire-box is that part of the boiler in which the heat is 
generated and partially absorbed, the remaining absorption taking place 
in the flue tubes, which convey the products of combustion from the 
fire, through the water, to the smoke-box, whence they are dissipated in 
the atmosphere. Of course the more nearly these products of combustion, 
at their entrance into the chimney, are found to have been cooled down to 
the temperature of the water in the boiler, the more economical in fuel the 
boiler will, cateris parihuSj be. To obtain the utmost economy in this way, 
the superficial surface of the tubes has been increased to the utmost extent. 



by enlarging the diameter and increasing the number and size of the tubes. 
The boiler of Bury's 14-inch * engine contains 92 tubes of 2^ in. external 
diameter, and 10 fl 6 in. long: the boiler of Stephenson's 15-inch engine 
contains 150 tubes of 1| in. exteroul diameter, and 13 ft. 6 in. long. It ^ -ill 
therefore be seen that the superficial surface in Bur\'*s tubes is, compara- 
tively, rather small, but yet the production of steam is found to be suffix 
ciently copious, with a blast- pipe of rather more than the average diameter; 
on the other hand, notwithstanding its great surface, Stephenson's boiler is 
found to require a smaller blast-pipe than usual. It seems highly probable 
that the extra intensity of blast requisite in the latter case consumes so 
much power to produce it, as completely to countervail the economy of 
fuel consequent on the very complete abstraction of the heat, by the great 
length of tubes in proportion to their diameter. 

In an experiment tried by Mr. Stephenson, the heating surface of the 
fire-box, where the heat is received by radiation, was found to be more 
effectual than the tube surface, where the heat is received by conduction, 
in the ratio of 1 to 3, and hence the heating surface of a locomotive is some- 
times estimated as the surface of the furnace plus one-third that of the tubes. 

The shell, which is cylindrical, is attached to the smoke-box and fire-box 
by angle iron ; the end of the shell next the smoke- box is closed entirely 
by the tube plate, but at the smoke-box end the water has free access quite 
round the internal fire-box, one side of which fonns the tube plnte. The 
shell, external fire-box, and the smoke-box are always of iron, the thickness 
of plate being {^ in. in ordinary boilers of 3 ft to 3 ft. 4 in. diameter, though 
in some cases it is J in. ; the pitch of rivets is IJ in., and the diameter 
of rivets {J in. The shell is sometimes made with flush joints, a band 
of iron covering the joint attached by two roMS of rivets. The boiler 
plates should have their fibres running round the boiler instead of in the 
direction of its length, as the plate is somewhat stronger in that direction. 
The boiler is secured endwise by longitudinal stays, which are fastened by 
cutters to jaws attached to the end plates. We have already made some 
remarks upon the strength of boilers, at pages 82, 83. 230. 

The blast pipe is the eduction pipe diminished in area at the mouth to 
such a degree as to cause the steam to issue with a great velocity, whereby 
a powerful draught through the fire is maintained by the steam rushing up 
the chimney. The area of the mouth of the blast pipe varies in different 
engines, but an area of jl^d of the area of the cylinder is a common propor- 
tion. A variable blast pipe, the orifice of which may be increased or 
diminished in area, is now much used. One arrangement for this purpose 
consists of the application of a regulator plate at the top of the blast pipe, 
with a hole through the centre of the plate, through which the nozzle of 
the blast pipe passes. When this regulator plate is closed, the whole of the 
steam has to ascend through the central nozzle ; but when the regulator is 
open, or partly open, a part of the steam escapes through the holes in it. 
Another plan consists in the application of a movable plug within the 
blast pipe, which may narrow the escape orifice to an annular space of 
small area, the plug being raised or lowered by a lever and rod. Stephen- 
son's method of contracting the blast is shown in the 5;ectional drawing of 
one of his engines, given among our plates. It consists in making the 
nozzle of the pipe conical, and forming it to slide within the upright pipe, 
whereby an annular space is left for the escape of the steam around the 
nozzle when the nozzle is lowered. This appears to be a preferable plan 
to either of the preceding. 

The man-hole, or entrance into the boiler, consists of a circular or oval 
aperture of about 15 in. diameter, placed by Bury at the summit of his 
dome, and by Stephenson in the front part, a few inches above the cylin- 
drical part of the boiler. The cover that closes this aperture in Bury's 
engine also contains the safety valve seats, thus simplifying the construc- 
tion by preventing the necessity of an independent aperture and cover for 
the safety-valves, as in Stephenson's engine, where the safety-valves are 
placed independently on the top of the dome. The steam-tight joint of 
the manhole cover is made in Bury's engine by a single thickness of 
canvass, smeared with red-lead ; and the joint is not liable to become de- 
fective or leaky, because the surfaces are turned true and smooth, both on 
the cover and its seat. When these surfaces have not been made true in 
this manner, it becomes requisite to use a number of thicknesses of can- 
vass, or other material, to form the joint; and the action of the steam soon 
rotting away the soft substance, a leakage is caused through the joint, which 
makes repair indispensable. The small domes are of the same form as those 
used on the Grand Junction Railway, which are cylindrical vessels of about 
20 in. diameter, and 2 ft. in height, with a semiglobtilar top, are generally 
made of plate-iron, about J in. thick, welded at the seam, and with the 
flange at the bottom turned out of the same piece. In some cases, domes 
of this form have been constructed of cast-iron, about \ in. thick, but they 
have been found objectionable from their top weight, and they cannot be 
considered as altogether safe from explosion. 

The steam whistle is generally placed upon the fire-box dome within con- 
venient reach of the engineer. It consists of a cock (fg. 324.), opening by 
four side holes into an annular chamber, whence the steam escapes throuirh 
an annular aperture about ^| in. in width, striking in its exit the edge of a 
bell, fixed by a stem to the cock, whereby the sound is produced. The 
edge of this bell should be about ^'^ of an inch thick, and should be exactly 
over the opening, so that the issuing steam may impinge directly upon it. 

* Thin dimension ii the diameter of cylinder, by which dimension locomotives are distin- 
guished. 
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Tbe metal should be of limilar compositian to tbtl nf clock belli. The 
whistle ii somelimes joiatcd by nmoiDg melted lead between its flange and 
Fig. 324. 




the dome-plate ; bat it ia better to fit the turfacea to truly together aa io 
be Weam-tiglit merely with the aBfiisUmcE of une thicknesB of fine canvsM 
coaled with read lead or cement, fur lead will always be found to decay 
by contact with high-pressure sleam, making continual renoyation necefc 
iexy. TbiB remark equally applies to the other joints comiectfd to flie 
shell of the boiler, such as the eauge-tube, blow-off cotka, and fecd-pipea. 

To save tbe steam which is formed when the engine is stationary, a pipe 
IS fitted to the boiler which convcja the steam at such limes to the tender, 
where it heats the water and is itself condensed. This method of disposing 
of the steam is beneficial in descending inclined planes, when more steam 
is formed than is required for the use of the engine. A cock for emptying 
the boiler is usually fixed to the bottom of the Gre-boi ; this cock should 
not be placed at the front end of (he fire-boi. as the foul water blown out 
of the boiler is thrown over the gearing, which is iiyared by the sand 
getting into the bearings. 

/"ire-iar.— Iron flre-boies have been eitensively tried by Burr and otiers. 
and in cases where (he plate-iron of which they were formed' has been of 
a peculiarly perfect tenure, and not liable to laminate or crack under the 
action of the heat, Ihey have been fonnd to answer CKceedingly well, and 
not only to be much cheaper than copper, but also to last at least twice as 
long before requiring renewal. If the materials be very carefully selected, 
the use of iron fire-boies will be found prodnctise of economy, if only used 
in situations where pure water is obtainable. The duration of ordinary 
copper fire-bo»es depends in a great measure upon the original teiture of 
tbe copper, which ought to lie rather coarse-grained than rich and soft, and 
also particularly free from irregularity of structure and lamination. Con- 
siderable advantages have been found to arise from increasing the capacity 
of the fire-box, more especially its depth, which ought to be such as to 
allow of the requisite quantity of coke being placed within it without 
reaching above the mouths of the lower tubes, a fault which would cause 
the smaller pieces of coke to enter and block up the tubes, to the manifest 
deterioration of tbe draught, and diminution of the elBcacy of the engine. 
The heating surface in the lire-boi being of an extremely valuable and 
efficient nature, and tbe eiteiisive area of fire-bar surface being very con- 
ducive to freedom of draught, we are induced to question whether the large 
square f re-boi ia not pro ta^to preferable to the round one, which must 
necessarily he very small, eicept on the 7-feet gauge, in which case tbe 
round fire-box offers decided advantages. The square Bre-box is generally 
made of iron, J in. to J in, thick in every part except tlie tube plate, which 
has been from ) in. to J in. i but experience has shown considerable advan- 
tage in making the tube- plate \ in. thick, as this great strength prevents 
.the spaces between the tubes from being compressed, and the tube bole* 
rendered oval, in the processes of drifting and ferulipg tbe tubes: however, 
this evil wiU be found to exist, even with a { in. tube-plate, if the tube 
holes be placed in too close contiguity, aa has been found the case in se- 
veral of Stephenson's engines i and. from practical observation, we find 
that } in. should be the minimum distance between any two tubes. The 
sides, back, and front below the tubes, of the square fire-box, are stayed at 
intervals (rf \\ in. to 5 in. with either copper or iron stays, screwed through 
the outer case into the fire-box, and securely rivetted ; bu^ as the rivelting 
within the fire-box is found to decay rapidly, from the action of the heat, 
Mr. Dewrance, of the Liverpool and Manchester Railwav, has adopted, 
with good results, stays formed with a large square head, and screwed from 
within the fire-box outwards, the square head prqjecting 3 in. into the 
flame. Iron stay-bolts for tbe fire-box are found to last nearly aa long as 
copper, and, from their superior tenacity, are often considered preferable. 
Until lately, ii had been supposed that round fire-boxes possessed such ad- 
vantages in point of strength over square ones, owing to their arched 
form, that they were capable of resisting the pressure of the steam with- 



out the use of atacs; but experience has shown that, whatever be tbe 
shape, a fire-box must be stayed more or less to Tender it safe, for the shell 
of the fire-box is liable to be wasted so much by tbe heat, that it Is not 
safe to depend altogether upon the strength its form confers, especially ai 
the form will be changed if the boiler be suffered to become short of water. 
In round fire-boxes, the sides near the erown pan generally suffer most 
from waste : these portions are now provided with atajs by Messrs. Bury, 
Curtis, and Kennedy, who are the main supporters of round fire-boies j 
and with this provision the round fire-boxes are necessarily the stronger. 
The roofs of all fire-boxes require to be stayed by cross-bars ; but the bars 
are required to be both stronger and more numerous for the square fire- 
boies, aud should always Xk carefully made of wrought-iron, and very 
carefully fitted before being bolted on. Staj'-bars of cast-iron have been 
employed, od account of their cheapness g but, bavinjc led several timet 
to accidents from explosion, they are now discarded. These bars are only 
in contact witb the fire-box at the part around tbe rivets, and in all the 
other parts they permit the access of the water below them. It is ad- 
visable to bring these bars to an edge on the under side, so as to facilitate 
the escape of the Slelm. In Sharp and Roberta's engines, the fire-box ia 
made of three plates; tbe lube plate and frout plate have their edges bent 
over, and to these are attached a single plate which forma the crown, and 
two sides of the furnace. The interior fire-box is joined at foot to the 
exterior by a Z shaped iron, which tonus the bottom of the water space, 
and is preferred, inasmuch as it leaves a wide water space, and is easily 
cleaned. The outer and inner fire-l>oies are joined rotmd the fomace 
door, which is double, to prevent inconvenient radiation. The external 
fire-box has sometimes a semi-cyliudrical top, joined by taming over the 
sides like an arch, and »^ometimes a dome-shaped lop. 

The fire-bars have always been a source of much expense in the loco- 
motive engine, aa lliey burn out very rapidly, and have to be often re- 
newed ; from the rapid combustion going on over their upper surfaces, tbe; 
become heated intensely throughout, causing ibem to throw off scale, and 
to bend under the weight of the fuel. The best remedy has been found to 
consist in making the liars very thin and deep, so as to keep their lower 
edges exposed to a cooling draught of air, and to diminish the area of metal 
conducling beat downwards from their heated upper edges. Thin fire-ban 
admit of being placed nearer together than thick ones, thus offering na 
increased impediment to free draught, while preventing the loss of small 
piecea of unburnt coke, which might otherwise drop through into the ash- 
box, and be wasted. Fire-bars have given much satisfaction when made 
4 in. deep (parallel) and full \ in. thick on the upper edge and \ in. on the 
lower edge. The frame carrymg the fire-bars h^ often been made capaUe 
of being dropped on the instant, with its fire-bars and fire, into tbe ash- 
box, or upon the road, by means of catches drawn back by levers; but 
though the fire-bar frame is thus left unsupported, very often it will not drop^ 
and even cannot be farced down out of iu place, owing to the clinkers and 
tarry products of combuftion forming an adhesive binding between its 
edge and the fire-box \ it has accordingly been found best to support the 
fire-box frame permanently, and when any catise requires the sudden with- 
drawal of the fire, to lift tbe fire-bars singly out of place, by means of the 
ordinary dart. It is necessary to place the fire-bars with their upper sur- 
face about 3 in, higher tlian the bottom of the water-spaces, which, by thia 
means, will be allowed to contain quiescent water, ready to retain without 
injury any deposit that subsides from the water, and tbe water-spaces should 
be periodically cleansed, by means of the mud-holes placed opposite tbe edge 
of each water-space in tbe lower part of the outer fire-box shell. These 
mud-boles are made water-tight by means of either a brass plug simply 
screwed in and with a sligbt taper, or by a door applied with a soft packing 
on its face, and screwed up witb a bridge-piece and bolt, making the joint 
on the internal surface of the outer shell, the hole and door being made 
sufficiently oval to enable the door to be introduced into the water-space. 
The latter plan often givea rise to inconvenience, from the joint being 
found leaky when the steam is raised, rendering it necessary to drop the 
fire, and empty the boiler, before it can be renewed. In some very large 
square fire-boxes, such aa those used on the Great Western Railway, • 
diaphragm, or divisional 4-inch water-space, has been placed across the 
middle of the fire-box. witb the view of obtaining increased heating surftw. 
This diaphragm has its lower edge (in which deposit takes place) made 
straight, and about S ia. below the general surface of the fire-bars, hat it« 
upper edge is of the form of an inverted arch, in order to promote the fVee ( 
delivery of tbe steam generated within it into the steam-dome. The aides .- 
of the fire-box. where tbe diaphragm is attached, are not cut away to form i 
passages for the water and steam, but are pierced with a series of cirenlar '. 
holes, 3 inches in diameter, to permit a due circulation without naelessly \ 
weakening the fire-box i but the uppermost bole of the series must be placed \ 
at the highest point of the diaphragm, otherwise an accumulation of steam, \ 
and conaequent injury at that point, will ensue. The use ofa disphragtn 
is found to be beneficial in the case of a very powerful engine, provided ita 
upper edge be made sufficiently low to admit of the tubes being conveni- 
ently drifted over it. and to allow thedart to be used with bcility. in diop- 
pinj; the front set of fire-bars. 

The asb-box couBlats of a plate-iron tray, placed below the fire-box, to 
receive the burning ashes that drop from betwixt the fire-bars. In the 
earlier locomotives, no aah-boxes being used, the red-hot aabea were dil- 
persed to a considerable distance by coining in contact with the wheels 
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and conflagrations were often thereby originated. The ash-box should be 
as large as convenient, and not less than 10 in. deep, otherwise it will 
materially impede the draught ; but if of ample dimensions, and closed at 
the sides and back, it will increase the draught, particularly when running 
against a head wind, at which time a strong draught is required. A 
hanging shutter to open or close the front of the ash-box forms a good 
damper. The bottom of the ash-box is placed about 9 in. above the level 
of the rails, and should on no account be nearer than 6 in., otherwise 
the engine cannot pass safely over stones or similar objects lying acci- 
dentally between the rails. 

Tithes. — The tubes are generally formed of brass ; the ferules by which they 
are secured are for the most part made of steel at the furnace end, and of 
malleable iron at the smoke-box end, and the holes in the tube-plates 
are tapered, so that the tubes bind them together. Great care should 
be taken in securing the tubes, as any neglect will be productive of much 
inconvenience. The ferules are found to be very ii^urious to freedom of 
draught, particularly in very small tubes ; and to overcome this objection, 
the methods we have mentioned and many others have been tried for 
fastening the tubes in by ri vetting over or screwing into the tube-plates; 
but hitherto no method, except that of internal tube-rings, has been found 
to answer in the case of brass tubes; but we think it likely that, with 
wrought-iron tubes, internal tube-rings will be ultimately abaodoned. 
Stephenson has frequently adopted iron tubes of late, in preference to 
brass, on the score of their greater cheapness and durability ; and in 
some cases, where unusual attention has been paid to them, and pure 
water used, they have been found to answer very welL A common in- 
ternal diameter of tubes is 1| in. If made very small, the tubes are liable 
to be choked by pieces of coke, and the sectional area will be inconve- 
niently contracted, while, if made much larger, the heating surface will be 
unduly diminished. The number of tubes varies considerably in different 
boilers ; in one species of locomotive in extensive use the number is 134, 
and the pitch 2} in. Sufficient space is left below the tubes for deposit, 
that it may not be in contact with the tubes and cause them to be burned : 
the extreme tube of the widest row is about the diameter of a tube fh)m 
the boiler shell In the long-boiler engines of Stephenson, from the volume 
of water contained in them, considerable time is required to get np the 
steam, even so much as three and a half hours where the ordinary engines 
take two hours, and they require great care in firing and feeding to prevent 
the steam running low. 

Smoke-box and Chimney. — The smoke-box door of many engines is hinged 
at the bottom, and is kept shut by means of handles and catches ; but the 
position of the door when open is in that case inconvenient, as it prevents 
ready access to the tubes. In some of Stephenson's engines, the smoke-box 
door is in two leaves, which open like the doors of a house, overlapping at 
the centre, where they are closed by a bar, and at top and bottom by handles 
and catches. This door admits of the easy examination of the cylinders 
and valves. A small door is usually left near the bottom of the smoke-box, 
by which the accumulated cinders may be removed. The bottom of the 
smoke- box should not be below the ash-pan, or be much nearer the level of 
the rails than 18 inches, else the waste-water cocks of the cylinder project- 
ing through it, would be liable to injury fh>m objects lying on &e line. 
The smoke-box is lower in goods engines than in passenger engines, on 
account of the driving wheels being smaller ; and, being coupled with the 
other wheels, the cylinder has frequently to be inclined to let the moving 
parts work clear of the front axle. 

The chimney must not stand more than 14 feet high above the rails. It 
is sometimes covered with a bonnet of wire-work to prevent the passage of 
cinders, but such wire-work checks the draught, and is soon worn away and 
broken by the projected coke ; and a perforated plate is sometimes substituted, 
which is set across the smoke>box and below the blast This plate should 
be hinged, and be in two leaves, for the sake of convenience. The sectional 
area of the chimney is about -^ of the area of fire-^^rate. The chimney is 
usually provided with a damper, similar to the disc throttle valve of an 
ordinary engine ; this is generally hung off the centre, and a hole is made in 
it for the top of the blast-pipe, which projects through it when it is closed. 
Another damper has been applied by Messrs. Rennie at the smoke-box end 
of the tubes, consisting of a sliding plate perforated with holes, which when 
opposite the ends of the tubes will give a free current, and may be made to 
close them completely if required. Another kind of damper consists of 
an arrangement of thin bars simiUrly disposed to the laths of a Venetian 
blind ; the plates being so hinged, that when placed with their edges to the 
tube plate, they leave the flow of air through the tubes unimpeded, and 
when hanging down they close up the tubes, or they partially close the 
tubes in any intermediate position. By either of these arrangements, the 
hot air is retained for a longer period in contact with the tubes than if a 
simple damper were used, as each tube is virtually furnished with a hanging 
bridge which keeps in the hottest air and lets only the coldest flow out 
An inconvenient degree of heat in the smoke-box is also prevented. The 
smoke- box is usually made of ^ plate ; the chimney of |th plate ; the blast- 
pipe of }th copper, and the steam-pipe of -f^ copper. 

Framing. — The subject of outside and inside fhuning has already been 
discussed at some length at p. 191. ; and the best justification of Messrs. 
Bury*s adoption of the inside framing is, that most of the other engineers 
are beginning to follow their example. In some engines the side fhimes 
consist of 011^ with iron plates rivetted on each ti&. The guard-plates 



are in these^ cases of equal length, the fttunes being curved upwards to pass 
over the driving axle. Hard cast-iron blocks are rivetted between the 
guard-plates, to serve as guides for the axle bushes. The side frames are 
connected across at the ends, and cross-stays are introduced beneath the 
boiler to stiffen the frames sideways, and prevent the ends of the connect- 
ing or eccentric rods from &lling down, if they should be broken. The 
springs are of the ordinary carriage kind with plates, connected at the 
centre, and allowed to slide on each other at their ends. The upper plate 
terminates in two eyes, through each of which passes a pin, which also 
passes through the jaws of a bridle, connected by a double-threaded screw 
to another bridle, which is jointed to the framing : the centre of the spring 
rests on the axle-box. Sometimes the springs are placed between the 
guard-plates and below the fhuning, which rests upon their extremities. 
One species of spring which has gained a considerable introduction consists 
of a number of flat steel pUites, with a piece of metal or other substance in- 
terposed between them at the centre, leaving the ends standing apart It 
would be preferable, we conceive, to make the plates of a common spring 
of different curves, so that the leaves, though in contact at the centre, 
would not be in contact at the ends, but would be brought into contact 
gradually as the strain comes on. A spring would thus be obtained that 
was suitable for all loads. 

A common mode of connecting the engine and tender, is by means of a 
rigid bar with an eye at each end, through which pins are passed. Between 
the engine and tender, however, buffers should' always be interposed, as 
their presence contributes greatiy to prevent oscillation and other irregular 
motions of the engine. A bar is strongly attached to the front of the 
carriage on each side, and projects perpendicularly downwards to within a 
short distance of the rail, to clear away stones or other obstructions that 
might occasion accidents if the engine ran over them. The axles bear 
only against the tops of the axle-boxes, which are generally of brass ; but 
a plate extends beneath the bearing to prevent sand from being thrown 
upon it The upper part of the box in most engines has a reservoir of oil, 
which is supplied to the journal by two tubes and siphon wicks. Stephen- 
son uses cast-iron axle boxes with brasses, and grease instead of oil, which 
is fed by the heat of the bearing melting the grease, and causing it to flow 
down through a hole in the brass. All the engines with outside bearings 
have inside bearings also ; they are supported by longitudinal bars, which 
serve also in some cases to support the piston guides : these bearings are 
sometimes made so as not to touch the shaft unless in the event of its 
breaking. 

Steam-^hme Pipes and Regulator, — The steam-dome, or separator, 
from the upper part of which the supply of steam is obtained, is now 
generally placed over the fire-box; and in Bury*s and Stephenson's 
engines it forms a part of the external shell of the fire-box ; whilst in 
the engines used on the Grand Junction Railway, it consists of an 
independent cylindrical vessel, attached to the low roof of the fire-box. 
Either this latter plan or Bury's is perfecdy safe and strong, without 
the addition of stay-rods ; but Stephenson's dome presents a large ex- 
tent of flat surface, from the roof of the internal fire-box up to the arched 
roof of the external fire-box ; and this flat surface requires to be powerfully 
stayed by angle-irons and tension-rods. We remember an instance in 
which the accidental omission of one of the numerous tension -rods led to 
the forcing out and partial explosion of the side of the fire-box, showing 
how much depends on the circumstance of these rods, with their joints and 
pins, remaining sound and unii^'ured from corrosion or other source of 
ugury or decay. In this respect the round fire-box, with its dome, as 
formed by Bury, has the advantage of superior strength and safety. A 
large steam-dome is found to be the most efficacious mode yet tried for 
preventing the evil of priming or damp steam; but no height of dome will 
entirely prevent it if there be not space enough left above the tubes in the 
cylindricJGil part of the boiler to allow the free passage of the steam along 
to the fire-box and dome, while an excessive height of dome is also found 
to produce an unsteady motion of the engine, by causing the machine to 
be top-heavy. A height of about 2 ft. 6 in. above the cylindrical part of 
the boiler is found to give satisfactory results in practice, and to lead to 
the production of as pure steam as any greater altitude could secure. In 
some engines the steam is withdrawn from a dome placed at the smoke- 
box end of the boiler, into which the steam- pipe rises. It is thought that 
the ebullition being less violent at this point, the steam will thus, be more 
effectually dried. The steam-pipes are made either of iron or copper, and 
of these iron best withstands the high temperature of the smoke-box and 
the impact of the cinders, but it is liable to internal corrosion. The steam- 
pipe, after entering the smoke-box, divides into two branches, one passing 
down each side of the smoke* box so as to leave a free space for cleaning 
the tubes, and also to avoid as much as possible the impact of the hot air 
and cinders; but in some engines the steam-pipe descends vertically, which 
is somewhat inconvenient in practice. The area of the steam-pipe is one- 
sixth to one-eighth of the area of cylinder, and the branch steam-pipes are 
each about one-tenth of the area of cylinder. 

The admission of the steam fh>m the boiler to the cylmders is regulated 
by a valve or regulator, which is generally placed immediately above the 
internal fire-box, and is connected with two copper pipes, one conducting 
steam from the highest point of the dome down to it, and the other con- 
ducting the steam tibat has passed through it along the boiler to the upi>pr 
part of the smoke-box. Regulators may be divided into two sorts» viz. 
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thote wllh iliding' ralvei «nd «te«m ports, snd those -wilh conical vtlrf* 
ud Kilt, of vhicb the latter kind are the bes^ The former kind have 
for the moat pan hitherto eoniiated of a circular vaNe and face, with radial 
apertorw, the Talre resembling the out-«treiched wiup of a bolterflj, and 
being Diiide lo rcTolve on its central pivot, by connecting- linki between ita 
onter edges or bj a central spindle. One of thew regnlatora is shown in 
fig. 325., which mikei its mode of operation infflciently apparent. This 
Fig. 335. 
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ipeeiet of regulator it eaiil; worked, bat it not ver; accessible, and u the 
nees are mere!; projecting rims round the holes, the steam wiQ leak 
ihroogfa. and the engine may go on unless the regulator be critically closed. 
In tome of Stephenson's eogines with variable expansion gear, the regu- 
lator consists of a elideTalTccoreriDgaport on the top of the valve chests. 
A rod passes from this valve tbroogh the smoke-box below the holler, and 
bj means of a lever parallel to the starting lever, is brought op to the 
engineer's reach. Cocks were at Gist used at regulators, hot were given 
up, as they were found liable to stick fast. A gridiron slide valve has 
been used by Stephenson, which consists of a perforated square plate 
moving upon a face with an equal number of boles. This plan of a valve 
with a tsuiU movement gives a large area of opening. In Bory's engines 
a tort of couical ping is used, which is withdrawn hr turning the lisndle in 
front of the fire-box i a spiral groove of very large pitch is made in the 
valve spindle, in which fits a pm fixed to the boiler, and by turning the 
spindle an end motion is ^ven to it which either shuts or opens the itesm- 
pasaage according to the direction in which it is turned. Tbe best regu- 
lator would probably be a valve of the equilibtiom detcriptian, snob at it 
used in the Cornish engines. 

Safety Valves and Fusible Pfuji. — The safety-valves, as we have ob- 
served, are placed upon the dome, in Bury 's and Stephenson's enginet; 
hut it has been found much better to place them on the cylindrical part 
of the boiler, as is the arrangement in the eugines constructed by Mr, 
Dewrance for the Liverpool anil Kanchesler Railway, because when an 
engine commences to prime, the water projected from the blast-pipe ge- 
nerally cantet an nnusaal generation of steam, which escapes at the safety- 
valve, and in it» passage of coorse aeciunulateB and lifts the sur&ce-waler 
and foam at whatever point of the boiler the safety-valves are utoated ) 
thus the &rther they are placed from the steam-dome the better, as they 
wlU then diminish the evil of priming, which, if placed upon the ttearo- 
dome, they would only aggTAvate. Indeed, if the safety-valves are pro- 
perly situated, an engineman has the great advantage of being able to 
chedc or stop the priming of tbe holler on tbe instant, by canting bit 
tafety-valves to blow oflT strongly. It is requisite lo place the s^ety- 
valvei upon a tubular pillar, of such altitude as to prevent the escaping 
clood of steam from obscuring the look-out of the engineman. Bury't 
Kin. engine oontains a pair of safety-valves of SI in. diameter, eicla- 



sive of the mitre ; and Stephenton't IS in. engine contains a pair of i in. 
diameter. The latter dimension is preferable, as large safety-valvei are 
much less liable to adhere to their teats than small ones. Balely-valvet 
require to he tested occasionally ', and the best method consists in attaching 
the valve Joint-pin to one end of an ordinary pair of scales, when the over- 
balancing weight at the reverse end wUI indicate the rc^ pressure Dpon 
the valve, which exceeds the nominal pressure by the weight and friction 
of the lever, with Its joiutt and spring- bolsnce, and the adhesion of the 
valve to its seat. To bring this adhesion to a minimum, it is a good plan 
to make the lip of the valve-seat somewhat flatter than a mitre, that it, 
at a less angle than 45° wilh the horiion ; 80" answers very welL 

The safety-valve is pressed down by means of a lever, as shown u P>ff 
I9B i and a screw at its extremin is attached to a spiral spring balance. To 
find tbe pressure per tqnare inch, we have only to multiply the weight in- 
dicated on the scale, by the ratio of tbe two arms of the lever, and divide 
the product by the number of square inches in the area of the valve ; but to 
nve the trouble of calculation, the ratio of the arms of the lever is made ao 
M to be exprMsed by the number which repretentt the area of tbe valTe, 
so that the weight marked on the balance is the pressure per square inch 
upon ^e valve. Some allowance must be made for the weight of the vslve 
itself, and part of that of the lever. It is expedient to put a stop upon thescreir 
by wbieh the lever is screwed down or the tension of the spring increased, 
BO as to prevent the pressure fhim eiceeding a safe amount. Lock-up 
valves, which were intended as a precaution against the rcckletsnesi o~ 



k^'^k 




seats-, hut It is an easy thing to make a valve wbieh can he raised, but 
cannot be fbrced down by tbe engineer, aud snch valves are in general use 
in steam vessels. In the engines of Cave, Hick, and Jackson, one of the 
valves is permanenlly loaded a little above the usual pressure, and enclosed 
in a chest ; it is usually made with bent, flat, steel springs, pressing against 
one another, and guided by standards screwed to the valve-seat. Chie of 
these valves is shown by J!g. S36. 

A plug of lead is usually fixed in the ftimace crown, which melts if tbe 
boiler becomes abort of water, and gives notice of the danger. In some 
en^nes a cock is attached to the top of the sieam-dome, against which 
a small disc of fusible metal is retained bj a ring of brass bolted (4> the 
cock, and which is intended as an antidote to explosions. When tbe cock 
is opened, the steam has access to the under side of the ftuible plate, which 
when melted is (breed through the small hole in the retaicing plate; and 
the engineer being thus warned of tbe imdue pressure, can shot the cock 
and ti^e measures to reduce the pressure. This, however, is ^together a 
fhtile expedient, for the steam would be too much cooled in passing through 
thit cock and small pipe to melt tbe metal : and even if that defect w~~ 



remedied, tbe olg'ections still remain which we stated in page S: 



It apply- 



ing to all fusible plugs, and the danger is increased by lesdiog tbe engineer 
to trust to a measure of safety that is inoperative in the hour of danger. 
Steim ganges have not been applied hitherto to locomotives, on account of 
the inconvenient height of the column of mercury requisite to balance tbe 
steam. But it would be an easy thing to make a Steam gaoge of moderate 
dimensions, by making the tube, whetber straight or sypboo, of glass closed 
at the (op. so that the mercmj in its ascent would have to compress the 
air above it ; and the graduations would be equal, or neariy so, if the tube 
were made taper. 

Cylmden and Valees. — The cylinders are made of east iron, about Ihree- 
qosrlers of an inch thick, and should be of hard metal, so as to have bnl 
littie tendency to wear oval from (he weight and friction of tbe piston. 
The cuds of the cylinder are made about one inch thick, and both endt 
are very generally mode removable. At each end of tbe cylinder (here is 
eeneratly abou( half an inch of clearance. The valve is invariably of the 
three-ported detcriplioa represented in page IBS. ; it is made of brass, and is 



JJetaiU of Ettginei. 



Dol premed opon bj the t(1t« cuing, h it u neccoarj in the abeenn of 
CTlinder eacape tsItm tlial the (tnun valve ehonld be capable of leaviag 
the (MX to enable the steam or air ahat vitbin the cyliader to elcape «hea 
the train is carried on bj its momentum, and also to affiird an escape for 
the vater carried over bj the (team when priming- takes place. The 
operation of priming, upon the cylinders and vahea is very ii^urions, u 
the grit and sediment then carried o*er with the sl«am wean the pistons, 
cytioders, and valve ftees very rapidly; so that it the water be sandy and 
the engine addicted to priming, ^e pistoni and valvel may be wotd oat 
and the cylinders require re-lraring in the course of a few months. 

The valve cssinj; is sometimes cast on the cylinder: the face of the 
cylinder, on which the valve works is nised a little, so that any foreign 
matters deposited upon it may be poshed off to the less elevated parts by 
the valve. The area of the steam ports is in some cases one-ninth, and in 
others one-twelfth or one-thirteenth of the area of the cylinder; and the 
eduction one-iiith to one-eighth of the area of the cylinder, .—proportions 
irhich allow at mean speeds of twenty-five to thirty miles per hour, a pres- 
sure little different from that of the steam in the steam pipes ; for higher 
speeds the ports should be larger in proportion. The valve casing is covered 
with a door, which can be removed to inspect the valves or the cylinder 
&ce. Some valve casings have coven npon their front end as well ai their 
t<^, which admits of the valve and valve bridle being more readily re- 
moved. 

' A cock is placed at each end of the cylinder to allow the water to be 
discharged irnich accumulates there trorn priming and condensation. The 
fbnr cocks of the two cylinders are connected, so that by vorking a handle 
the whole are opened or shut at the tame time. In Stephenson's engines 
with variable expansion, there is but one cock, which is on the bottom of 
the valve cheat. 

The valve lever is osnally longer than the eccentric lever, to increase 
the travel of the valve. The pins of the eccentric lever wear quickly. 
Stephenson pnls a ferule of brass on these pins, which being loose and act- 
bg as a roller, facilitates the throwing in and out of gear, and when worn 
can easily be replaced ; so that there need be do material derangement of 
the motion of the valve from play in this situation. The starting lever 
travels between two iron aegmenta, and can be fixed at the dead jKiini or 
for the forward or backward motions. Ttiil is done by a small catch or 
bell crank jointed to the bottom of the handle at the end of the lever, and 
coming up by the side of the handle, but pressed out from it by a spring. 
The smaller arm of this betl crank isjointedto a bolt which shoots into notches 
made in one of the segments between which the lever moves. By pressing 
the bell crank against the handle of the lever, the bok ia withdrawn, and 
the lever may be ahifled to any other point; when the spring being released, 
the bolt fliea into the nearest notch. 

We have already discussed the snygect of locomotive pistons at pages 
194. and 19&., and can here only add that the pistons which consist of a 
single ring and tongtie piece, or of two single rings set one above the other 
so as to break joint, are preferable to those which consist of many pieces. 
In Stephenson's piatons the screws are liable to work slack and the springs 
to breii. The pislon-roda are made of steel, the diameter being from one- 
seventh to one-eighth of the diameter of the cylinder. They are tapered into 
the piston, and secured there with a catter. The top of the piaton-rad it 
secured by a cutter into a socket with jaws, through the holes of which a 
cross-head passes, which is embraced between the jaws by the small end of the 
connecting rod, while the ends of the cross-head move in guides. Between 
the piston-rod clutch and the guide blocks, the feed-pump rod joint the 
cross-head in some engines. The guides are formed of steel plates attached 
to the fVaming, between which work the guide blocks, fixed on the ends of 
the cross-head, and which have flanges bearing against the inner edges of 
the guides. Steel or brass guides are better than iron ones. Stephenson and 
Hawthorn attach their guides at one end to a cross-stay, — at the other to 
lugs apoo the cylinder cover; and they are made stronger in the middle 
Ihan at the ends. Stout guide-rods of steel encircled by sluSng-boies on 
is-head would probably be found superior to any other 
arrangemenL The stuffing-boxes might contain 
conical bushes cut spirally. In addition to the packing; 
and a ring cut spirally might be sprung upon the 
rod and fixed in advance of ibe stuffing-box with 
lateral play, to wipe the rod before entering the 
atufflng-boi, and prevent it ftom being scratched 
by the adhesion of dnst. 

Fetd Apparatta. — The feed-pumps are made of 
brass, but the plungers are sometimes made of iron, 
and are generally attached to the pistou-rod cross- 
head, though in Stephenson's engines they are 
worked by rods attached to eyes on the eccentric 
hoops. There is a ball valve between the pump and 
the tender, and two usually in the pipe leading 
tram the pump to the boiler, besides a cock cloce to 
the boiler, by which the pump may be shut off ftom 
the boiler in the case of accident to the valves. 
'The ball valves are glided by four branches which 
' e vertically and join at top in a hemispherical 
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having been made flat and the bnnehe* not ha^ng had their jmictJOD U 
top properly flUeOed. These valve guards are attached in different ways 
to the pipes; when one occurs at the jondion of two piece* of pipe it 
has a flange, which, along with the flange* of the pipes and that of the 
valve seat, arc held togeUier by a union joint It is sometimes fbrmed 
with a thread at the under end, and screwed into the pipe. The balls are 
cast hollow, to lessen the shock as well as to save metal : in some easel, 
where the feed-pomp plunger has been attached to the cross-head, tlM 
[uston-nid has been bent by the strain ; and that must in all cases occur if the 
commnnicalion between the pump and boiler be closed when the engiiie is 
started, and there be no escape valve for the water. Spindle valves have in 
some cases been used instead of ball valves, but they are more sntject to de- 
rangement. Slide valves might easily be applied, and would probably be 
found preferable toeitherof the other expedients. It would he amaterial im- 
provement, we conceive, if the feed pumps were to be set in the tender, 
and worked by means of a small engine, such as that contrived Inr Messrs. 
Penn for feeding their tabular boilers. The present action of the feed 
pumps of locomotives is precarious, as if the valves leak in the slightest 
degree, the steam or boiling water fWim the boiler will prevent the ptunp 
from drawinr. It appears expedient, therefore, that the pomp* ahould be 
Ui from the boiler, and should be set among the feed water, so that they 
will only have to foree. If the pump were arranged in the manner we 
have now recommended, the boiler codd still be fed regularly, thou^ the 
locomotive was standing sUll ; but it would be prudent to have one pump 
still wrought in the usual way by the engine, in case of derangement of the 
other, or in case the pump in the lender might fi«ese. The pipes connect- 
ing the tender with Oie pumps should allow access to the -nlves and free 
motion to the engine and tender. This end ia attuned by the use of hall 
and socket joints ; and, to allow some end play, one piece of the pipe slides 
within snother, like a telescope, and is kept tight by means of a stuffing-box. 
Any pipe joint between the engine and the tender must be made in this fashion. 

The feed-pipe of many engines enters the boiler near the bottom, and 
aboDt the middle of its length. In Stephenson's the water is let in at the 
smoke-box end of the boiler, a little below the water level. By this mean* 
the heat is more effectually extracted from the .escaping smoke i hot the 
arrangement is of questionable applicability to enginea of which the steam- 
dome and steam-pipe are at the smoke-box end, as in that case the entering 
cold water would condense the steam. 

To ascertain the height of water in the boiler, gauge cocks and glas* 
Fig. 838. 
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from the top of the tube in the interior of the boiler, is calculated to prevent 
the water from boiling down through the tube, as it sometimes will do if 
the boiler be too fulL The downward turn of the tube at the lower end 
does not appear calculated to be of senrice. A small screw plug is placed 
on each socket opposite the cock to enable a wire to be introduced, to clear 
the cock, should it become choked. There are generally three gauge cocks 
attached to the boiler, — besides the glass tube, — the lowest of which should 
always run water, and the highest should always blow steam. If the water 
oscillates inconyeniently in the glass tube, the evil may be checked by 
partially closing the cocks. 

If Aeof. — The driving wheels are made large to increase the speed : the 
bearing wheels also are easier on the road when large. In goods engines 
the driving wheels are smaller than in passenger engines, and are generally 
coupled together, as in Bury's engine, represented in one of our plates. 
Wheels are made in various ways ; they are very frequently made with 
cast-iron naves, and with the spokes and rim of wrought iron. The spokes 
are forged out of flat bars with T formed heads ; these are arranged radially 
in the fbunder*s mould, whilst the cast-iron centre is poured around them ; 
the ends of the T heads are then welded together to constitute the periphery 
of the wheel or inner tire, and little wedge-form pieces are inserted where 
there is any deficiency of iron. In some cases the arms are hollow though of 
wrought iron, the tire of wrought iron, and the nave of cast iron ; and the 
spokes are turned where they are fitted into the nave, and are secured in 
their sockets by means of cutters. Hawthorn makes his wheels with cast- 
iron naves, and wrought iron rims and arms, but instead of welding the arms 
together, he makes palms on their outer end, which are attached by rivets 
to the rim. These rivets, however, unless very carefhlly formed, are apt 
to work loose; and we think it would be an improvement if the palms were 
to be slightly indented into the rim, in cases in which the palms do not 
meet one another at the ends. When the rim is turned, it is ready for the 
tire, which is now often made of steeL The materials for wheel tires are 
first swaged separately, and then welded together under the heavy hammer 
at the steel-works, tSfter which they are bent to the circle, welded, and 
turned to certain gauges. The tire is now heated to redness in a circular 
fiimace ; during the time it is getting hot, the iron wheel, previously turned 
to the right diameter, is bolted down upon a face-plate or surface ; the tire 
expands with the heat, and when at a cherry-red, it is dropped over the 
wheel, for which it was previously too small, and it is also hastily bolted 
down to the sur&ce plate ; the whole load is quickly immersed by a swing 
crane into a tank of water abont five feet deep, and hauled up and down 
until nearly cold ; the tires are not afterwards tempered. It is not indis- 
pensable that the whole tire should be of steel, but a dovetail groove turned 
out of the tire at the place where it bears most on the rail, and fitted with a 
band of steel, which may be put in in pieces, is sometimes adopted, though 
at the risk of being thrown cdOT in working. The steel, after being intro- 
duced, is well hammered, which expands it sideways, until it fills the dovetail 
groove, but it has sometimes come out The tire is attached to the rim by 
rivets with countersunk heads, and the wheel is then fixed on its axle. 
The tire is turned somewhat conical, to facilitate the passage of the engine 
round curves — the diameter of the outer wheel being virtually increased by 
the centrifugal force, and that of the inner wheel correspondingly dimi- 
nished, whereby the curve is passed without the resistance which would 
otherwise arise flrom the inequality of the spaces passed over by wheels of 
the same diameter fixed upon the same axle. The rails, moreover, are not 
pet quite upright, but are slightly inclined inwards, in consequence of which 
the wheels must either be conical or slightly dished, to bear fairly upon 
them. One benefit of inclining the rails in this way and coning the tires is 
that the flange of the wheel is less liable to bear against the side of the rail, 
and with the same view the flanges of all the wheels are made with large 
fillets in the comers. Wheels have been tried loose upon the axle, but 
they have less stability, and are not now much used. Much controversial 
ingenuity has been expended upon the question of the relative merits 
of the rour and six-wheeled engines; one party maintaining that four- 
wheeled engines are most unsafe, and the other that six-wheeled engines 
are unmechanical, and are more likely to occasion accidents. It appears to 
us that the four-wheeled engines have been charged with faults which do 
not really attach to them when properly constructed, for it by no means 
follows that if the axle of a four-wheel engine breaks, or even altogether 
comes away, that the engine must fall down or run off the line, inasmuch 
as if properly coupled to the tender, it has the tender to sustain it It is 
obvious enough that such a connection may be made between the tender 
and the engine, that either the hind or the fore axle of the engine may be 
taken away, and yet the engine will not fall down, but will be kept up by 
the tender; and the arguments against the four-wheeled engines are nothing 
more than arguments agunst the want of such a connection. It is no 
doubt the Hd that locomotive engines are now becoming too heavy to be 
capable of being borne on four wheels at high speeds without injury to the 
rails ; but we fear the objection of damage to the rail applies to the six- 
wheeled engine with quite as great force, as the engineer has the power in 
that case of putting nearly all the weight upon two wheels, and if the rails 
be wet or greasy, there is a great temptation to increase the bite by screw- 
ing down the driving wheels upon the rail A greater strain is thus not only 
thrown upon the rail than can exist in the case of any equally heavy four- 
wheeled engine, but the engine is made very unsafe, as a pitching motion 
will be given to it at high speeds, from being poised upon the central 



driving-wheels, and the engine will also be more sulject to oscillation. 
Stephenson makes his driving-wheels without flanges, to fiuiilitate the pas- 
sage of the engine round curves, and if six- wheeled engines be made at all, 
it appears to l^ expedient to construct them in that manner. But instead 
of making enormously heavy six- wheeled engines, it appears to us to be 
preferable to use four-wheeled engines of moderate weight, and to apply a 
sufficient number of them to a train to enable it to reach the required 
velocity. To this there is no doubt the objection, that the expense of the 
propelUng power is greater by this arrangement, as a small engine requires 
a driver and stoker for itself as well as a large engine. But by making the 
tender double, with one engine before and another engine behind it, a single 
driver and a single stoker would suffice for two engines. The starting 
handles of both engines might be brought to the middle of the tender, so 
that the engines might be stopped or started simultaneously, and be made 
to operate in this respeet like a single engine. This arrangement appears 
to us greatly preferable to that of making heavy six-wheeled engines, as 
the rail will be preserved fh>m the injurious effect of excessive weight, and 
there will be less loss of power from contracting the blast-pipe when the 
fire and flue surface is increased b^ the addition of another engine. In all 
locomotives, there is a very material loss of power fh>m the contraction of 
blast-pipe necessary to maintain the bUst ; at high speeds one half of the 
power of the engine is lost by the inadequate area of the steam passages ot 
which the greatest loss is that arising from the contraction of the blast-pipe. 
Tenders are now made larger than heretofore, to obviate the necessity of so 
many coke and water stations ; they should have glass windows all round 
them, to shield the engine driver from the weather, and enable him during 
the worst winds and rains to keep a steady look-out Tenders can be put 
on any number of wheels, so that inconvenience is not likely to arise from 
their size and weight 

Cranked Axle, — The cranked axle is made of wrought iron, with two 
cranks forged upon it, towards the middle of its length, at a distance firom 
each other answerable to the distance between the cylinders ; bosses are 
made on the axle for the wheels to be keyed upon, and there are bearings 
for the support of the framing. The axle is usually forged in two pieces, 
which are then welded together. Sometimes the pieces for the cranks are 
put on separately, but those so made are liable to give way. In engines 
with outside cylinders the axles are straight, the crank pins being inserted 
in the naves of the wheels. The bearings to which the connecting-rods 
are attached are made with very large fillets in the comers, so as to 
strengthen the axle in that part, and to obviate side play in the connecting- 
rod. In engines which have been in use for some time, however, there 
is generally a good deal of end play in the bearings of the axles themselves, 
and this slackness contributes to make the oscilbition of the engine more 
violent The bearings of locomotive axles should, it appears to us, be 
made spheroidal, after the fashion we have already recommended for the 
paddle-shafts of marine engines, whereby end play becomes impossible ; 
and the momentum of the piston should be balanced by the application of 
a weight to the wheeL If these precautions be observed, locomotives will 
not oscillate, whether made with outside or inside cylinders, if only resting 
on four wheels. 

Connecting Bode, — It is vei^ desirable that the length of the connecting- 
rod should remain invariable, m spite of the wear of the brasses, for there 
is a danger of the piston striking against the cover of the cylinder, if it be 
shortened, as the clearance is left as small as possible, in order to economise 
steam. In some engines the strap encircling the crank pin is fixed im- 
movably to the connecting-rod by dovetailed keys, as shown in^^. 330., 
and a bolt passes through the keys, rod, and strap, to prevent the dovetail 
keys fh>m working out The brass is tightened by a gib and cutter, which 
is kept fh>m working loose by three pinching screws and a cross pin or 
cutter through the point The effect of this arrangement is to lengthen 
the rod, but at the cross-head end of the rod the elongation is neutndized, 
by making the strap loose, so that in tightening the brass the rod is 
shortened by an amount equal to its elongation at the crank-pin end. The 
tightening here is also effected by a gib and cutter, which is kept fh>m 
working loose by two pinching screws pressing on the side of the cutter. 
Both joumals of the connecting rod are furnished with oil-cups, having a 
small tube in the centre, with siphon wicks. The connecting rod, represented 
in^^ 329, 330., is a thick flat bar, with its edges round^ Stephenson's 
connecting rod is made at the crank end, after the same fashion as the 
connecting rods of the Black Eagle and Retribution steamers, represented in 
the plates of those vessels; but instead of a malleable iron cap, a strap of round 
iron passes over both brasses, and is attached to the T end of the connecting 
rod by means of nuts upon the ends of the bent iron, which is made 
thickest in the middle, to resist the strain. This plan has the defect of 
shortening the connecting rod when the brasses are screwed up, and the 
brasses require to be very strong and heavy. Hawthorn's connecting rod 
has a strap at each end, tightened by a gib and cutter ; but, to obviate the 
tendency to shorten the rod, the piston-rod end is fumished with a cutter 
for tightening the brass outwards. The point of the cutter is screwed, and 
goes through a lug attached to the gib, and is tightened by a nut It would 
be preferable to attach the lug to the cutter and the screw to the g^b, as the 
projection of the screw, when the cutter is fiir in, would not Uien be so 
great In the engines on the Rouen Railway the piston-rod end of the con- 
necting rod has neither strap nor brass, but simply embraces the cross- 
head, while the crank end is hollowed out to adiout brasses, which are 



Details (f Snginet, 

tiy a gCb and cntl r. The \aigCa til llie connettiBg wd Twiei 



m four lime* Ihe leogUi of the crank to ktcd limei. The long coi 
'ting rod tua the advaoUge of diminuhiug the frictiau apon the BUdes, 

Fig. 3S9, 




□ both lidei, to that the length of the eeeentrio rod mn; be Mjosted i bat 
. ia better for the Inge of the hoops to abut tgAintt the neck* of th« aerew*. 




S&§i,, 



E':a7itru-i and Eccentric Sod. — The eccentric* are made of caat-iron ; 
and when set on the axle between the cranka, the; are pnl on in (no pieeen 
held together by bolts, as shown in figt. 331. 333,, bnl in atraight axle 
engines lliey are oast in a piece and are Bccnred on the shafl hy mean! of a 
key. The KcccQtric, when in two pieces, ia retained at its proper angle on the 
■haft by s pinching screw, which is provided with a jam nut to prevent it 
from working loose. A piece is left out of the eccentric in casting it, to 
nllow of the screw being inserted, and the void is afterwards filled by 
inserting a dovetailed piece of metnl. Stephenson and Hawthorn leave 
holes in their eccentrics on each side of the central arm, and they apply 
pinching iwrews in each of these holes. The screws sotnelimei slacken 
Bnd allow the eccentric to shift, unless they are provided with jani-nula. 
In the Bouen engines with straight axles, the fbur eccentrics are cast in 

Eccentric straps are best loade of wrought iron, as inconvenience arises 
from the frequent breakage of brass ones. When made of malleable iron, 
one-half of the strap is forged with the rod, the other half bein^ secured 
to it by bolts, nuts, and jam-outs. Pieces of brass are in tome cases pinned 
withia the malleable iron boop. but it appears to be preferable to put 
brasses within the strap (o encircle the eccentric, as in the case of any 
other bearing. Whcu brass straps are used, the lugs have generally nuts 



•ad if id; adjoalnient i* Deceaaarr IVom the wear of the strap*, wMhen can 
be interpoaed. Id some enginet tha adjostment is effected bj screwing 
the valve-rod, aod the cross-head through which it pasKs has a out on 
nthar side of it by which its poution upon the valve-rod is determined. 
The forlia of the eccentric rod are steeL The length of the eccentric kA 
U the distance between the eestre of tlie crank axle and the centre of the 

Videt motiau, — In locomotives the eccentrics are now always fixed npon 
the axle, and two are med, one for the forward, the other for the back- 
ward motion: the loose pulleys have been given up on account of their 
liability to get ont of order from the shocks to which they were salgected 
hy sudden change of direction when worked at a quick speed. Th* 

arraagement whereby the motion of the eccentric '- ' — ' ** **" 

valve, is either direct or indirect. In easel of in 
motion is given through the intervention of levers, and there ia 
variety in tbe arrangements by which the reversing is accomplished. 
Alcard and Buddlcome use a pair of eccentrics at the end of the axle, which 
ia straight ; the reversing shatl is placed below the level of the pistnu-rod, 
and to a lever keyed npon it are attached links of unequal length, connected 
at their upper extremities with the ends of the eccentric rods, one of which 
is above and one below the stnds on the lever of tbe valve shaft, so that 
the Dppvr eccentric rod, being in gear, gives the forward motion, and the 
lower gives the backward motion. In other engines, forks are situated 
above and below the slod of the eccentric levers \ tbe forward eccentric rod 
is lifted up out of gear by a link depending from the lever ou the reversing 
■haft, and hy tbe same movement the backing eccentric is lifted into gear 
by a longer link connecting it to a lever, not upon tbe reverting shaft, but 
upon a shaft below it. Stephenson and Hawthorn have both used a similar 
arrangement, but admitting of tbe eccentric rods being both nnder the 
studs of the lever on the valve shaft, so thai there is no danger, in the 
event of a disengaged rod Uling down, or of any part of the gearing bebv 
bent or twisted by both roda being m gear at the same time. The motion 
of the eccentrics is now frequently transmitted <Urectly to the valvea. 
In Paawel'a arrangement of valve gearing, the valve works on the side of 
the cylinder, and the valve rod is prolonged in the (brm of a deep flat 
blade of a loienge section, on each side of which a stud is fixed, — one being 
btended for the notch of the forward eccentric rod, and the other for that 
of the reveraing eccentric Above them is fixed (he revernng shaft, from a 
lever on which depend two links of unequal length, which are jointed to 
the ends of the eccentric rods. By working this lever op or down, the 
-rods will be alternately engaged and disengaged, and will com- 
their reapective motion* to the valve i or if tha lever be kept in 
IIS mm position, both eccentrics will be out of gear, and the valve of course 
will remain stationary. Pauwel's engines are difiicult to work, and are 
autgect to shocks from going suddenly into gear: this arises from the 
whole weight of lever* and rods being on the front of the reversing shaft, 
but the evil might be remedied by attaching a counterbalanee to the shaft. 
Valves situated upon the side* of Uie cylinders, as in the engine of Stephen- 
aon, represented among oar plates, are in many cases more easily con- 
nected with the eccentric, but they require springs lo keep them np to the 
face, so that it appears preferable to make the faces of the two cylinder* 
inclined to one another rather than upright, if valves on the sides ofthe 
cylinders are preferred. Stephenson's link motion is the mon elegant, and 
one of the most eligible modes of coimecting the valve with tbe eccentric 
yet introduced. The nature of this arrangement will be made plain by a 
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nfcreuM to fig. S33^ where < U the Ttlve-rod irhioh ii ttUched by > [nn of tbc link n.— 
|o an opiQ corrad Unk oonoscted at the one end vith the driTuig eecen- bf plMung the di 




trie-rod d, and at the other with the backing ecceotrie rod f , The link 
with the eeeeotric rods is capable of being moved op or down b; the rod/ 
aod bell crank /", titoated on the abaft g, while the Talve-rod remaini in 
the nine horiiontal phtoe. It U very clear thai each end of the link moat 
acquire the notion of the eccentric rod in connection with it, whatcTer 
coane the central part of the link ma; panae, and the ralTe-rod will 
partake moit of the motion of the eccentric rod that ia nearets to it. When 
the link ia lowered down, the ralTe-rod will acqnire the motion of the 
npper eccentrii; rod. which ia that proper for going a-head ; when raiaed 
np, the THlie-rod will acqnire the motion of the reTcraing eccentric, while 
in the centnt poiition the TBlve-rod will have no motion, or almoM none. 
The link motion therefore obTiatea the necessity of throwing the eccentric 
rodout of geari it also eoablea the engine to be worked to a certain extent 
eipantiTelv, though as a conlrirance for working eipansiTely, we cannot 
hold it as deaerring of much commeodation. The dead point of the link 
motion is where the line of the lalve-rod hiaeels the angle formed by the 
eccentric rods. The maiimam fbrwatd motion is when the rods are *• 
figored, and the maiimnm backward motion when the rods d and if are in 
the poailiona h" and f. The best formi of the link motlona have side stods, 
to which the eccentric rods are connected, and tbeae are placed ao that at 
the gi 





the centre of the link, which wonld work in the eye of the horiiont«l arm 
of the lever /. This lever would in such case require to be made moch 
stronger than at pre«ent, as it wonld have to withstand the thrust of the 
eccentric, and the link would then virtually be a doable-ended lever with 
a moveable centre. Where more convenient, the pin in the centre of the 
link might be moved in vertical or curved gnidea, instead of b^ng attached 
to the lever / The act of raiung the link, and with it the eccentric rod, 
would in effect alter the poulion of the eccentric on the shaft, and if the 
eccentric rod were properly proportioned in length, would moke the lead 
right on the reversing aide. 

The movemenl for working the valves i* in some eases derived ftom the 
connecting-rod, aa in the arrangement known as Mellin^s motion, repre- 
sented Snjig. 334., where the valve rod is attached bj tnitable connectiona 
to a pin in the connecting-rod. 

A somewhat limilar mode of working the valve has been employed by 
Hawthorn, of Newcaatle, which admits of expansive action, and whioh it 
repreaented in^. 335, The pin in the connecling-rod worka in a link, to 
which arms are attached at right angles. The extrtmil^ of the lower of 
these arm la connected by a Imk and lever to a shaft, which is worked by 
the reverting handle, while the upper arm is attached to a lever npon the 
valve-shaft. Upon this shaft there is a doable-ended lever, with rither 
end Ot which a rod, in conunonicacion with the valve, geara, according h a 
Ibrward or reverse motion is wanted. Thii valve-link is connected by * 
link with the starting-thaft. The centnl alot in the link permits the fre* 
of the pin oa the connectiDg-i«d, while the lateral more- 



Details of Engines, 



239 



ment is commnDicated to the link, and made available for working the 
Talve-levers. To reverie the engine, the inclination of the link must be 
altered, and the fork in gear most be changed to the other end of the lever, 
which is done by the same handle : the lead is regnlated by the degree of 
inclination of the parallelogram, which might be changed by lengthening 
the lever on the reversing-shaft connected with the lower arm of the link, 
or by shifting it round on the shaft so as to throw the lower arm towards 
the cylinder. There is much complication in this arrangement ; the parts, 
too^ require to be large, and the plan has not been received with much 
fkvonr, although good results have, we believe, been obtained. 

Variable expansive action has recently been extensively introduced in 
locomotives, and the whole of the various expedients for its accomplishment 
operate either by altering the travel of the valve, or by the introduction of 
superposed valves. The first mode is that adopted by Stephenson and 
Cabrey, and the second is principally used by Mayer and Oonaenbach. In 
the first the effect is to uncover the steam ports less, and to re-shut them 
sooner ; to hurry the eduction, and to compress the steam shut within the 
cylinder : fh)m the early closing of the eduction, the advantages due to ex- 
pansion are partly sacrificed, for the steam escapes before it has done all its 
work, and power is lost in the compression of vapour. The second class of 
expansion contrivances is not chargeable with these defects. It admits 
of the steam being cut off at any part of the stroke, without any derange- 
ment of the valve motion, but there is greater complication in the apparatus. 
In the class with variable throw, the cutting off is the result of a virtual 
contraction of the ports, which wire-draws the steam, increasing the speed 
of the entering steam, and making the pressure in the cylinder less thim in 
the passages. In Cabrey's expansion gear, which we have described at 
page 200., the fault is, that for certain degrees of travel, and when there is 
much cover on the valve, it may happen that instead of opening the port 
before the end of the stroke, the vidve may not have uncovered the steam 
port when the piston is about to begin the return stroke. This evil results 
from the invariable position of the eccentrics on the shaft, and the immo- 
bility of the centre of the valve lever. Stephenson gets rid of the defects 
of Cabrey's system in regard to changing the lead of the eccentric, by 
rendering moveable the centre of oscillation of the valve lever, as the link 
may be considered, whereby he virtually turns round the eccentric on the 
axle. Mayer's gear, which we have figured at page 800., has given very 
ffood results, and is free from the defects of Cabrey*s and Stephenson's. 
Whatever be the degree of expansion, it presents the same area of steam 
port ; the eduction is not unduly hurried, the linear lead is unvarying, and 
the compression of the steam before the piston is but small, and is not 
liable to increase. The wheel and chain gearing, however, used in work- 
ing it, are very troublesome, and liable to get out of order, and the valves 
have a great deal of friction. Gonzenbach*s has less friction than Mayer's, 
and gives equally good results. 

How to set the Valves of Locomotives. — When the cylinder is horizontal 
the crank is horixontal at the ends of the stroke; but it is not vertical when 
the piston is at the middle of its stroke, owine to the deviation from pa- 
rallelism introduced from the connecting rod bemg compelled to move at one 
of its extremities in a straight line. When the piston is at the end of the 
bottom stroke, and is gradually advanced towards the middle of the stroke, 
the end of the connecting rod is carried round by the crank in a curve 
opposed to that which it would naturally describe round the cross head as 
centre ; but when the piston has approached the end of the top stroke, the 
curvature of the path in which the end of the connecting rod is moved by 
the crank is in the same direction as that of the circle which it would 
describe round the cross-head, and these curves would coincide if the con- 
necting rod were equal in length to the crank : it will be easily seen, there- 
fore, that at the top stroke the piston rod requires but a small movement 
to enable the end of the connecting rod to traverse a large portion of the 
circle of the crank, while at the bottom stroke the piston has to travel 
farther to allow of an equal arc being described by the crank. From these 
considerations it follows, that the motion of the crank being nearly uniform, 
there must be considerable inequalities in the speed of the piston ; and 
more than a half circle will be described by the crank during the top half 
of the stroke, and less than a half circle in the bottom half of the stroke. 
The length of the connecting rod is the distance from the cross-head at 
half stroke to the centre of the shaft; and it is clear, therefore, that at mid- 
stroke the crank cannot be vertical The motion of the valve partakes of 
the same species of irregularity; but as the eccentric rod is much longer 
in proportion to the radius of the eccentric than the connecting rod, that 
inequality only may be noted which arises from the relation between the 
circumference of a circle and its diameter. The irregularity arising from 
the angle of the connecting rod also affects the valve, but not to an in- 
jurious extent in ordinary cases. We need not, therefore, consider the 
effect of such irregularities in the following directions how to set the valves 
of locomotives. In fig. 336. we have shown the direct connexion, as used in 
some of Stephenson's locomotives, A £ B F representing the crank circle, and 
the inner circle that of the eccentric. Supposing, now, that the total length 
of the valve fkce were equal to the distance between the extreme edges of 
the steam ports, the valve would be without lap ; and leaving the question 
of lead out of consideration for the present, that is, supposing that the steam 
were admitted exactly at the ends of the stroke, the eccentric would be 
fastened upon the shaft at right angles to the crank ; in other words, the 
small crank which constitutes the eccentric would be at right angles to the 



large crank, which is attached to the piston-rod In this way the valve 
would be in the middle of its stroke when the piston was at either end of its 

rig. 336. 
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Stroke, so as to close both the steam and eduction passages, and to be ready, 
with the slightest possible advance, to open both for the return stroke of 
the piston. It has been found advantageous, however, to make the valve 
face longer than the distance between the extreme edges of the steam ports, 
so that when it is in the middle of its stroke, it projects or overlaps the 
ports at both ends ; and hence it requires to move through a space equal 
to the overlap before it is in a condition to open the steam port for the 
return stroke of the piston. To effect this, it is only necessary to move the 
eccentric forward in its path, until, at the end of the stroke of the piston, 
the valve is on the edge of the steam port, ready, as before, upon the 
slightest fiuther advance, to admit the steam to the cylinder. Now, as the 
valve is thus required to move through a part of its travel or throw equal 
to the overlap at each end, and as the throw is equal to the diameter of the 
circle which the eccentric describes, it follows Uiat, to give the requisite 
advance, that distance must be measured upon the diameter of the circle, 
and the corresponding position of the centre of the eccentric is that of 
which we are in search. 

On the remote side of the centre of the crank shaft, and on the line of 
centres, mark off D C, the amount of overlap at each end of the valve, and 
draw a line parallel to £ F, the vertical centre line of the crank shaft ; the 
arc of the eccentric circle intercepted between these parallel lines is that 
through which the eccentric must move, in order to draw the valve throuffh 
a portion of its stroke equal to the overlap DC; and the point in which £e 
line intersects the circle of the eccentric is, therefore, the position which 
the centre of the eccentric should occupy when the piston is at the end of 
its down-stroke, and on the very point of beginning its up-stroke. In prac- 
tice, however, the valve is not so set as to open simultaneously with the 
commencement of the stroke of the piston, but is set so that the steam 
commences to flow into the cylinder a very little before the beginning of 
the stroke ; and hence, when the piston actually commences its stroke, the 
valve has already partially opened the port To make this adjustment an 
additional advance must be given to the valve, and of course in the same 
direction ; and the amount of lead, or opening, which the port has at the 
commencement of the stroke of the piston, must be added to the lap, their 
sum from C to D being treated the same in every respect as if the whole 
were lap, and so, for the sake of brevity, we may treat it. 

Let us suppose now that it was required to find the length that the 
eccentric rod should be : — Place the crank horizontal, so that it may have 
the piston at the bottom of its stroke ; bring round the eccentric to the 
corresponding position which we found it should occupy, and measure the 
distance from that point to the centre of the joint by which the eccentric 
rod is to be attached to the valve rod ; this will be the length of the eccen- 
tric rod. When the length of the eccentric rod is known, either the valve 
or eccentric may be put in its proper place, if one of them be already set : 
thus, if the valve be set, as in the drawing, and the eccentric rod connected 
also with the eccentric, it will bring the latter into its place, where it may 
be fixed ; but if the valve could not be conveniently set, it would then be 
necessary to take the following method, which requires the knowledge of 
the amount of lap, and the length of the eccentric rod. Find, as before, 
the position of the eccentric, attach the rod, and the valve must come into 
connection in the proper position. In practice, the most convenient method 
of finding the position of the eccentric with a g^ven lap is to draw a circle, 
such as HK, representing the crank shaft, upon a board or a piece of sheet- 
iron, and another equal to the circle of the eccentric, and draw two diameters 
perpendicular to each other ; mark off from the centre of the crank shaft, 
and upon one diameter, the amount of lap CD ; through this point draw a 
line parallel to E F, the other diameter ; the points in which this line cuts 
the circle of the eccentric are the positions of the forward and backward 
eccentrics. Through these points, and from the centre of the crank shaft, 
draw lines C M, C N, which will intersect the circumference of the crank 
shaft ; upon this circumference measure with a pair of compasses the chord 
of the arc intercepted between either point of intersection and that of the 
vertical diameter EF ; and the lines of diameters being first drawn upon 
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the Hail itsclC theo, \y tmuferring vith the computes the dietince foniid 
npon the diagnia, ihe proper poaition of the eccentric st the end of the 
ttroke of the piBton a at once determiaed ; and this being marked upon the 
thall, the eccentric can at any time be let, hy bringing il roodd lo that 
mark. Before leaving (hi» figure we may remark, (hat as the TaJve in 
Stephenson's locomotives of this kind is on tbe side of the cylinder, the cylia- 
der &ce should be towards OS in the drawing. As lliis arrangement, howeTer, 
would have afforded alesi easy explinalioa we have adopted the present one. 
It will also be obaened that the crank shaft and cylinder are too close, and 
are cot in a line with each other ; but this, while it could not be easily 
•voided, is at the same time of no importance in tonsidering the rtspecUve 
motions of the piston and valve, crank and Aicenlric, which are shown in 
their true relative positions. The crank is apon the centre, and the 
piston, conseqnenlly, at the end of the bottom stroke ; the eccentric and 
valve being put in advance of the piston by the lap, have shot off the steam 
before the end of the stroke, and have also opened the eduction in readineu 
fbr the np-stroke ; whereas, without lap, the valve would shut off the steam 
at one end, and open the eduction at the other, simultaneoosly with the 
termination of the stroke of the piston. 

la ;!$. 337. we have a different kbd of valve geariDg, tbet« being levers. 
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le the direction of the motion ; that is, while the i 
and lever are moving in one direction, the valve rod and lever being < 
the opposite side of the weigh-har shaft, are moving in the opposite 
direction. In the former case there were oo levers, and therefore no 
revetttl of the motion. Hence, in order to give the valve the same motion 
as before, in relation to the crank, it is necessary to throw the eccentric 
to the opposite side of the crank shaft, so that its motion may be in the 
reverse direction, to compensate for the reversing action of the levers. 
For whereas, when upon one side of the shall they caused the valve to move 
in the same direction as themselves by means of the eccentric rods, now 
that the levers are introdaced, the eccentrics must themselves move in an 
opposite direction, to give the valves the same motion aa heretofore. And 
this can only be done by putting the eccentrics on the opposite side of tbe 
eruik centre, round which they move, and, of coarse, in an opposite 
direetbn. 
Jljr.SSS. is intended to illustrate the valve connection of the common loco- 




motive, in which tbe motion of the eccentric is commnnicated through 
leven to the valve, and generally with an increase of throw. In this figure 
ire have the cylindeT fiiice, vritfa tbe vatve npon it, at one end of its traveL 



Ueasure off the length of the valve throw, from the end of the valve ttoe, 
in the direction of its traveL The throw of the valve may beat be fboDd 
by adding the lap to the breadth of the steam -port, and doubling their sum. 
If there were no lever* interrening between the valve and eccentric, tbe 
line thus measured, which is the throw of the valve, would be the diameter 
•Uo of the circle described by the centre of the eccentric pnlley ; but the 
use of levers interferes with this proportion unless the levers be made of 
equal length The effect of levers of unequal length, in making a propor- 
tional inequality between the throw of the valve and of the eccentric, will 
be readily seen by reference to a lUagram. From the centre A of the 
diameter, representing the throw of the valve, draw a line perpendicular to 
the valve &ce ; and from the same point measure o^ upon that line, the 
length of the lever A B, which is to be attached to the valve rod, and which, 
for distinction, we shall call the valve-lever. From the point B thus foimd 
as a centre with the radius B A, describe a portion of ■ circle intersecting 
perpendiculars drawn from C and D, tbe extremities of the line which re- 
presents the throw of the valve ; fi*om those points In the circumference of 
the circle produce lines through the centre B. On either side of the centre 
line AE, and at a distance from it equal to the radius of the eccentric, draw 
a parallel line. From B as a centre, with the distance from the centre B 
to the points H E, — in which the parallels intersect the produced linesof the 
lever, as radios, — describe an arc of a circle ; the radius of this circle is the 
length which the eccentric lever most be, in order to give the reqoisite 
throw to the valve. It will be evident fWim the inspection of this diagram, 
that if it be desired lo give a smaller throw to the valve than that al the 
eccentric, it is necessary to make the valve lever shorter than the eccentric 
lever ; and if it were desired to make the valve throw greater than the 
eccentric throw, it is indispensable that the valve lever should be made pro- 
portionally longer than the eccentric lever. I^ for example, tbe throw of 
the valve is to he made twice the throw of the eccentric, then this can only 
be aeeomplished by making the valve lever twice the length of the eccen- 
tric lever. Hence the relations between these qoantities are expressed by 
umple proDortion ; and any three being given, we can readily find the re- 
maining one. For the sake of clearness, we thall state the various forma 
which the proportion will anume. 

First — Given Che throw of the valve, the throw of the eccentric and the 
length of the lever attached to the valve rod, to find the length of the 
eccentric lever ; we have then the proportion : — 

Rule. — Ailhe thnnB of lAe vaht it lo the fArou ijf the tcctntrie, mi it At 
Ungth qf the valve kver to At lengA of At tccentrie lever. 

If we represent the throw of the valve by T, that of the eccentric by 
I, the valve lever by L, and the eccentric lever by I, we will have the 
proportion in a condenaed algebraic form thus, — T : I :: L ; '; or 
taking the actual dimensions in inchea of the engiae before ut, 4*9 ; 3 ; : 
» : 6. 

Secondly. — Given the throw of the valve, the thfow of the eccentric, 
and the length of the eccentric lever, to find the length of the valve lever. 
Then 

RtFLB. — Am the thrmc of Ae eeeentrie it to Ae Ihrote of Ae vaht, to it tAe 
lengA of the eccentric lener to the ItngA of the voire Ubtt i 
Or, algebraically, t : T : : / : L ; or, aa before, in actual dimensions, 
3 ; ♦■s;; 6 ;9. 

Thirdly. — Given the throw of the valve and the lengths of the leveta, to 
find the throw of the eccentric 

RDI.E. — At the vahie lever it la lit tceentrie lever, to it Ae valve Arom la 
. Ae eccentric Ikromi 

Orthus,I,:I::T: ij or,9 : 6 ::4-5 : 3. 

Fourthly. — Given the eccentric lever, the valve lever, and the eccentric 
throw, to find the valve throw. 

Rdi^. — At the eccentric lever it to Ae valve lever, to ie the eccentric tkrae 
lo Ae valve throv, or, / : L : : t : T, or 6 : 9 : : 3 : 4-5. 
We formerly explained how the reversing action of the levers rendered it 
necessary to set the eccentric on that side of the crank-shaft centre nearest 
to the cylinder ; whereas, in the case of the direct valve connection, it was 
set on the side remote from the cylinder. Having now found the means of 
ascertaining the lengths of the levers to be employed with a given throw of 
valve and eccentric, the next step necessary is to determine the true po- 
sition of the eccentric upon the shaft. In reference to the crank. 

Place the crank -pin in the dead point nearest the cylinder ; that ia, place 
the centres of the cnnk-thaft and crank.pin in a line with the centreline 
of the piston-rod. Upon this line of centres AG, raise a perpendicular, 
L M. through the point F. From F draw a circle, the diameter of which ia 
equal to the throw of the eccentric, and another equal to the cranked axle. 
If the leven are equal, mark off from F. upon the line of centres and OB 
the cylinder side, the amount of lap, and draw a line parallel to L M, cutting 
the eccentric circle In the points N 0. From F draw lines through N and 
O to the circumference of the cranked axle. The points N and O are the 
positions of the centres of the eccentric poUeys for the forward and back- 
ward gear, only one of which is necessary for going one way. In practice 
il it convenient lo make marks at P R, as the points N and O are laaccet- 
sihle. If there were no lap npon the valve, there would be nothing lo set 
off from the centre line L M, and therefore that line would give the poutiona 
of the eccentrics. 
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The intersections of the perpendicular A G would give the positions of 
the eccentrics on the shaft if the connecting rod were infinitely long ; but 
inasmuch as the shortness of the connecting rod introduces irregularity, 
the true position of the crank at the middle of the stroke of the piston 
must be taken. 

If the lengths of the leyers be unequal, as we have already said, the 
throws of the eccentric and valve will also be unequal ; and if the valve 
lever be the longer, as in the case we have taken, the eccentric throw is 
less than the valve throw in the same proportion as the eccentric lever is 
less than the valve lever ; and therefore, since the eccentric throw is thus 
less than the valve throw, by reason of the levers, it follows that the lap, 
which we set off fh>m F, and which is part of the valve throw, must also 
be diminished in the same proportion as the whole throw, in order to set off 
the proper quantity Arom F. The simplest way of accomplishing this is, 
by marking off the lap from the line of centres (jig, 338.) at the point A, at 
the same end as we formerly marked off half the valve throw. This dis- 
tance will be from A to the edge of the port, that being the overlap ; then 
fh>m the edge of the port draw a parallel to A G ; and fh>m the point in 
which this parallel cuts the arc of the longer lever, draw a line through the 
centre B, and produce it till it cuts the arc KH; the perpendicular from 
this point to the line £ A is the reduced amount of lap, which is to be set 
off fh>m the point F. 

Another useful problem is the method of finding the length of the eccen- 
tric rod, the posiuons <Sf the crank-shaft and the weigh-bar shaft and the 
length of the eccentric lever being given. From the centre of the weigh- 
bar shaft, with the length of the eccentric lever as radius, describe an arc ; 
draw a tangent from this to the centre of the crank-shaft ; fW)m the centre 
of the weigh-bar shaft drop a perpendicular to the tangential line ; the 
distance from the point of intersection to the centre of the crank-shaft is 
the length of the eccentric rod, and the perpendicular is the line of the ec- 
centric lever, when the valve lever is perpendicular to the line of the valve 
rod: this gives, therefore, the positions in which these levers must be keyed 
upon the weigh-bar shaft 

In fig. 338. we saw that the mid-line of the eccentric rod was the same as 
the line of the piston rod ; but in fig, 337. it is thrown down below that of the 
piston rod, forming an angle with it, the vertex of which is the centre of 
the crank shaft In this case the centres of the eccentric pulleys must, 
consequently, be moved downwards as many degrees as the central line. 
In order to facilitate this adjustment, we may briefly explain, that every 
circle is supposed to have its circumference divided into 360 equal parts, 
called degrees ; and if two diameters be drawn in it at right angles to each 
other, they will divide the circumference into four equal parts, each of 
which contains 90 degrees. This, therefore, is the means by which the 
angle is measured ; nor will it matter, although the circle be of any size 
whatever, ibr it is still equally divided by the two diameters. Hence, if the 
number of degrees contained in the angle which the mid line of the eccen- 
tric rod makes with the line of the piston rod, be measured upon any circle 
described from the centre of the crank-shaft, and the angle be laid down 
upon a board, and if from the vertex of the angle a circle be described 
equal to the diameter of the crank-shaft, the chord of the arc of this circle 
intercepted between the lines containing the angle, is the distance to be 
transferred upon the crank-shaft, and through which the eccentric pulley 
must be moved round, in order to compensate for the obliquity of the ec- 
centric rod. In the example which we have shown in fig. 337., the mid-line 
of the eccentric rod, when in gear, lies at an angle of five degrees with the 
line of the piston rod ; and in all such cases this line is to be taken when 
reference is made to the valve motion ; and the piston-rod line is to be 
taken when reference is made to the motion of the piston. In the case of 
Jig. 338. these lines were made to coincide, for the sake of simplicity. For 
further information respecting the setting of valves, we refer the reader to 
pages 89. and 225. 

MiKeUaneoua Remarks respecting Locomotives. — The tractive force re- 
quisite for drawing cxirriagcs over well-formed and level common roads is 
about ^ of the load, at low speeds. On railways, the tractive force has gene- 
rally been rated at about ^ of the load, or 7 (lbs. per ton, at low speeds ; but 
in well formed nulways the tractive force is probably less than this, to 
keep the train moving slowly. The resistance of railway trains, however, 
increases rapidly with the speed, on account of the resistance of the atmo- 
sphere ; and the resistance occasioned by the atmosphere may be taken at 
1.5 lbs per ton, with an ordinary passenger train moving at the rate of 30 
miles an hour. The friction of the engine and the resistance of the rails 
vary simply as the velocity, if the power of the engine remains the same ; 
butthe resistance of the atmosphere varies as the square of the velocity, 
and the power requisite for overcoming that resistance as the cube of the 
velocity : so that by doubling the speed of a train, by diminishing the load 
without increasing the power, the friction is doubled, the atmospheric 
resistance is made four times greater than before, and the power requisite 
to overcome that resistance eight times greater. This shows the extrava- 
gance of high speeds, even if the power were as economically produced at 
high speeds, which is by no means the case. In moderately light trains 
upwards of 50 per cent of the power is expended in overcoming atmo- 
spheric resistance, in speeds of about 35 miles per hour ; and the loss will 
be greater if the trains be very light, and present a large frontage. 

We have already stated, at page 48., that in low-pressure condensing 
enpnes the evaporation of one cubic foot of water from the boiler may he 



taken to represent a horse power. In high pressure engines, working 
without expansion, the mechanical efficacy of a cubic foot of water 
raised into steam will be somewhat less, on account of the resistance to the 
motion of the piston, occasioned by the pressure of the atmosphere ; but in 
locomotive engines, where the working pressure is very high, the resist- 
ance due to the pressure of the atmosphere becomes relatively nearly as 
small as the resistance due to the rare vapour within the condenser of a 
condensing engine ; and it will not, therefore, be a material deviation from 
the truth S^, in locomotive engines, working without priming, we reckon a 
cubic foot of water evaporated per hour as equivalent to a horse power. An 
engine evaporating 200 cubic feet of water per hour, and therefore exerting 
about 200 horses* power, draws about 110 tons, at thirty miles an hour ; but 
if there were no loss from the resistance of the atmosphere, or of the blast- 
pipe, and no increased friction upon the engine from the increased power 
requisite for high speeds, the tractive force if taken at 8 lbs. per ton would 
only require to be 70*4 horses' power for 110 x 8 x 2640, the number of feet 
travelled per minute at 30 miles an hour, -£-33000 » 70*4 horses* power. Hie 
friction of the train, however, at 30 miles an hour, including that of an 
engine of 200 horses* power, cannot be taken at much less than 10 lbs. per 
ton ; for the friction of an engine increases with the power exerted, which 
determines the pressure upon its moving parts ; and the friction of the car- 
riages is also increased at high speeds, in consequence of the draw-bars 
being attached below the centre of effort of the fh>ntage exposed to the 
wind, whereby the carriages are pressed down more firmly on the rails. If 
the traction be taken at lolbo. per ton, then the power requisite for propul- 
sion of a train, setting aside the resistance of the atmosphere, will be about 
90 horses* power, and the remaining 110 horses* power is absorbed in over- 
commg the resistance of the atmosphere and of the blast-pipe. If the speed 
be increased from 30 to 60 miles an hour, about 200 horses* power wiU be 
required for overcoming the friction of the train, and 880 horses' power will 
be required to overcome the atmospheric resistance ; making 1,080 horses' 
power, which will be necessary to propel a train of 1 10 tons at 60 miles an 
hour. The evaporation of a locomotive boiler is greatest when the speed 
is at its maximum, as the blast-pipe then produces its greatest effect } and 
the power of the engine varies nearly as the rate of evaporation, provided 
the blast pipe be not unduly contracted. At ordinary railway speeds the 
power of the boiler is seven or eight times greater than it would be without 
the blast, though, indeed, such a comparison hardly holds, as without the 
blast the fire of a locomotive boiler would not draw at all. At a speed of 20 
miles an hour, a locomotive boiler boils off from 10 lbs. to 14 lbs. of water 
per square foot of heating surface, and the rate of evaporation varies nearly 
as the^^f the speed. The evaporative power of various kinds of boilers 
is given at page 8 1. 

The adhesion of the wheels upon the rails is about one-fifth of the weight 
when the rails are clean, and either perfectly wet or perfectly dry ; but 
when the rails are half wet or greasy, the adhesion is not more than one- 
tenth or one-twelfth of the weight The weight of locomotive engines va- 
ries from 15 to 20 tons. A powerful locomotive engine and tender, such as 
is suitable for high speeds, will weigh about 25 tons, llie consumption of 
power by the locomotive itself is very great at high speeds, chiefly in con- 
sequence of the resistance occasioned by the blast pipe to the free escape of 
the steam. Mr. Stephenson considers that, at ordinary railwa^r speeds, a loco- 
motive engine will absorb as much power as 15 loaded-carriages, weighing 
60 tons ; so that in a train of 15 carriages, half the power is consumed by 
the engine. These determinations, however, are all very indefinite, and 
experiments are yet wanting to show the power produced and consumed by 
locomotives under different circumstances. Locomotive engines cost fh)m 
1,800/, to 2,200/. each. They run, on an average, about 130 miles a day, 
at a cost for repairs of about 2Jaf. per mile ; and the cost of locomotive 
power, includmg repairs, wages, oil, and tallow, and coke, may be taken at 
Bd, per mile, on economically managed railways. This does not include a 
sinking fund for the renewal of engines which may be worn out, and which 
may be taken at 10 per cent on the original cost of the locomotives. On 
second class railways the expense of locomotives, and^ workshops, and tools 
for repairing them, may be set down at 2,000/. per mile. 

If D be taken as the diameter, and A the area of the cylinder, the pro- 
portions observed by many makers of locomotives may be represented as 

follows:— Blast P^?^v:= i ports, — ; diameter of crank axle, g^ ; dia- 
meter of crank pin, ^;^; diameter of steam pipe, ~^- ; or area of steam 
pipe, ;r.r. The dimensions of locomotives may be further illustrated by an 

4 'O 

enumeration of the chief sizes of a four and of a six-wheeled engine of modem 
construction, and we shall select for this purpose a four-wheeled engine by 
Bury and a six-wheeled engine by Gooch, both in use upon the South 
Western Railway. The sizes belonging to the four-wheeled engine are 
distinguished by the letter B before them, whilst to those appertaining to 
the six- wheeled engine the letter G is prefixed : — 

Diameter of boiler inside, B. 3 ft liin., G. 3 ft 4 in. ; length of boiler, 
B. 8 ft., G. 8 ft ; thickness of plates, B. ft in., G. ft in. ; number of longi- 
tudinal stays in plates, 9 in 6-wheel ; number of tubes. No. 14. wire-guage, 
86, 4 wheel ; and 133, 6-wheel engine ; length of tubes, B. 8 ft. 3 in., G. 
8ft 4 in. : pitch of stays in fire-box, B. 4 in. G. 5i in. ; length of out- 

Q Q 
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side fire-box, B. 3 ft 3) in., G. 3 ft. 8) in. ; breadth of outside fire-box, B. 
4 ft. 0\ in., G. 4 ft 22 iu. ; depth below boiler, B. 1 ft 8 in., G. 1 ft 6 in. ; 
height above boiler, B. 1 ft, G. 7 in. *, length of inside fire-box, B. 2'ft 9 in., 
G. 3 ft. ; breadth of inside fire-box, B. 3 ft 7 in., G. 3 ft 6 ) in. ; thickness 
of copper plates, G. ] in. ; thickness of tube plate, B. ) in., G. | in. ; from 
bottom of box to top of bars, B. 4 in., G. 6 in. ; from bars to crown of box, 
B. 3 it. 6 in., G. 4 ft 2^ in. ; length of smoke-box between plates, B. 2 ft 2 in., 
G. 2 ft. 2 in. ; breadth of smoke-box outside, B. 3 ft 3 in., G. 4 ft. 1 in. ; 
Uiickness of plates for smoke-box, B. { in., G. \ in. ; diameter of chimney 
inside, B. 1 ft, G. 1 ft. 2 in. ; height of chimney from rails, B. 13 ft 6 in., 
G. 13 ft 6 in. ; diameter of steam dome inside, B. 1 ft 3 in., G. 1 ft 9 in. ; 
height of steam dome inside, B. 1 ft 4 in., G. 2 ft. 9 in. ; diameter of safet y- 
valve, B. 2J in., G. 3} in. ; diameter of steam pipes inside (No. 14.), B. 
3J in., G. 4 in. ; diameter of branch pipes, B. 3 in., G. 3J in. ; diameter of 
top of blast pipe, B. 2\ in., G. 3} in. ; diameter of cylinder, B. 1 ft, G. I ft. 1 in. ; 
length of stroke, B. 1 ft 6 in., G., 1 ft 6 in.; length of steam ports, B. 
6 in., G. 10 j in. ; breadth of induction, B. IJ in., G. 2\ in. ; breadth of 
eduction, B. 1 in., G. IJin. ; thickness of bridges, B. 1 in., G. {in. ; lead of 
waives, B. -X in., G. } in. ; lap of valves, B. J in.« G. 1 in.; distance between 
centre of piston and valve spindle, B. 11| in., G. 1 ft ; thickness of piston, 
B. 3] in., G. 4 in. ; diameter of piston rod, B. 1] in., G. 2 in. ; diameter of 
valve spindle, B. 1 in., G. IJ in. ; diameter of pump ram, B. 1^ in., G. 2 in. ; 
diameter of clack balls, B. 1} in., G. 2 in. ; diameter of feed pipes, inside, B. 2 
in, G. 2 in. ; diameter of driving wheels, B. 5 ft 6 in., G. 5 ft 6 in. ; diameter 
of leading wheels, B. 4 ft., G. 4 ft; diameter of railing wheels, G. 3 ft. 6 in.) 
diameter of crank axle, B. 5 in.,G. 5^ in. ; diameter of crank l>earing, B. 5 in., 
G. 5) in. ; diameter of inside bearing, B. 5 in., G. 5} in. ; diameter of outside 
bearing, G. 3) in. ; diameter of bosses of driving wheels, B. 1 ft 6 in., G. 
1 ft 9 in. ; diameter of bosses of leading wheels, B. 1 ft. 2 in., G. 1 ft. 4 in. ; 
diameter bosses of trailing wheels, G. 1 ft 2 in. ; length of bearing of 
axles, B. 7 in., G. 7 in. ; diameter of axles, B. 4) in., G. 3J in. ; diameter 
of the bosses of axles, B. 7^ in. ; thickness of the t)osses of axles, B. 6 in. ; 
breadth of outside frame, B. 6 in., G. 5A in. ; length of outside frame, 
G. 17 ft. 3 in. ; depth of outside frame, G. 7^ in.; thickness of outside 
frame, G. 3| in. ; thickness of frame plates, G. J in. ; thickness of horn 
plates, B. 1 in., G. ^ in. ; length of driving springs, B. 2 ft 6 in., G. 3 ft. ; 
breadth of driving springs, B. 4 in., G. 4 in. ; numl>er of plates in driving 
springs 16, 4-wheel ; and 14, 6- wheel engine; length of leading springs, 
B. 2 ft. 6 in., G. 3 ft ; breadth of leading springs, B. 4 in. G. 4 in. ; num- 
ber of plates, 13, 4-wheel ; and 12, 6-wheel engine ; length of trail 
springs, G. 2 ft 6 in. ; breadth of trail springs, G. 3) in. ; number of plates, 
10, 6-wheel engine; diameter of eccentrics, B. 11) in., G. 1 ft 0)in. ; 
breadth of straps for eccentrics, B. 2 in., G. 2\ in. ; throw of eccentrics, 
B. 3J in., G. 2in. ; diameter of weigh-bar shafts, B. 2 J in., G. 2^ in.; 
diameter of reversing shafts, B. If in., G. 2^ in.; diameter of journals of re- 
versing shafts, B. 1 j in., G. 2| in. ; length of journals of reversing shafts, 
B. 2 in., G. 2J in. ; length of valve lever, B. 7) in., G. 8) in. ; length of 
eccentric lever, B. 7} in., G. 7J in. ; throw of valve, B. 3| in., G. 4J in. ; 
length of eccentric rods, B. 5 ft. 8) in, G. 4 ft 10 in. ; diameter of ferules 
for eccentric rods, B. 2 in., G. 2| in. ; length of connecting rods, B. 6 ft, 
G. 4 ft 7\ in. ; length of reversing levers, B. 1 ft 9 in., G. 1 ft. 6 in. ; 
length of lifting lever, B. 6 in., G. 1 ft. 1 in. ; distance between motion 
bars, B. 6) in., G. 1 1 in. ; diameter of cross-head bearing, B. 3 in., 
G. 21 in. ; diameter of cross-head bearing in slide blocks, B. 1) in., G. 1 J in. ; 
length of slide blocks, B. 7 in., G. 7 in. ; breadth of slide blocks, B. 2 in., 
G. 2^ in. ; depth of slide blocks between bars, B. 2 (in., G. 2\ in. ; depth of 
'butt of connecting rods at large ends, B. 6 in., G. 9 in. ; depth of butt of 
connecting rods at small ends, B. 3] in., G. 5 in. ; breadth of butt of con- 
necting rod at large ends, B. 2{ in., G. 2) in.; breadth of butt of connect- 
ing rods at small ends, B. 2 in., G. 2 in. ; diameter of connecting rod in 
centre, B. 2} in., G. 2^ in. ; breadth inside between frame, B. 3 ft. 3) in., 
G. 4ft ; depth of inside frame, B. 1) in., G. 9 in.; thickness of inside 
frame, B. 4] in., G. 4.J in ; width of horns for reception of axle box, B. 
6) in., G. 9 in. ; depth of axle-boxes outside, G. 8 in. ; depth of axle-boxes 
inside, B. 9 in., G. 8| in. ; distance from centre of crank to fire-box, B. 
1 ft. 4] in., G. 1 ft. 31 in. ; distance from leading axle to smoke-box, B. 
I ft 4\ in., G. 1 ft. 2 in. ; distance from crank to leading axle, B. 5 ft 6 in., 
G. 5 ft. 11 in. ; distance from crank to trailing axle, G. 5 ft 6 in. 



Economy of fuel in locomotives is materially promoted by working ex« 
pansively ; but all attempts at economizing fuel in locomotives should begin 
with an increase in the area of the fire grate, so that the power of the engine 
may not suffer so large a diminution by the creation of the necessary draft 
It is a monstrous thing that half of the engine power should be dissipated 
upon the blast-pipe, as in high speeds appears to be the case, and nearly all 
this power might he saved by enlarging the grate surface and the area of the 
tubes. It appears to us not improbable that combined boilers with upright 
tubes, of the kind represented in page 68., will eventually l>e introduced for 
the purposes of railway locomotion. Several of these iMilers could be com- 
bined in a single locomotive, each being furnished with a short ftmnel for 
itself, and any amount of grate surface might then t>e used that is considered 
desirable. Boilers of this description, it is true, have th« disadvantage of 
l>eing top hea^'y, but the tubes might be made short, and the depth of coke 
upon the bars would not require to be nearly as great as at present, so that 
these upright boilers would not require materially to exceed in height the 
steam domes of the existing boilers, which rise to a height of 7 feet above 
the fire bars. In the fire t)oxes of existing boilers, it may be an improve- 
ment in some cases to zigzag the bars, so that their ends shall present the 
appearance of the letter w, and the lyars which are lowest down should be 
the widest asunder, as they have the greatest depth of coke upon them, 
and therefore the air will experience the most difficulty in ascending in 
that situation. There is no saving of heating surface accomplished by the 
existing construction of locomotive boilers ; and all that is gained by the 
use of the blast is, a saving in the area of fire grate, which, with a different 
construction of boiler, might be obtained with a diminution in the weight,^- 
looking to the effective power of the engine, — and with a most important 
saving of fuel. The tul)es may l>e the same in number and area, — but 
instead of being set at the end of a furnace that requires to be forced exces- 
sively, they may he cut into two or more portions, each of which is set over 
a fire. If the faggot of tul>es be cut into 4 lengths, and each length be set . 
over a fire of the same area as the original fire, it is clear that the effective 
heating surface remains the same, while the area of the tubes is virtually 
made four times greater, whereby smaller tubes may he employed. The only 
addition to -the weight is that of the fire grates and of the additional tube- 
plates, while the resistance occasioned by the blast will he so much 
diminished, that at high speeds the engine will exert nearly twice the 
power it exerted l)efore. At present the size of the tul>es cannot be 
diminished to the extent that might be desirable, as the total area would be 
also diminished, whereby the resistance to the hot air passing through the 
tubes would be increased, and a stronger blast become necessary. Small 
tubes also become choked up with the pieces of coke carried into them 
by the draft, and are rapidly worn internally from the fHction of the 
cinders, and at the ends, especially in the centre of the fire box, from the 
impact of the flame ; but if the fierceness of the draft were moderated the 
whole of these evils would be eured. 

£very locomotive engine should be furnished with efficient expansion 
apparatus, of some kind or other ; as, setting aside the economy of fuel 
accomplishable by expansion, it is clear expansion acts beneficially by 
diminishing the weight of the boiler, which may be made smaller at every 
increase of the efficiency of the steam. When the draft is strong a great 
loss of effect is caused by opening the furnace door, from the refngeration 
due to the large volume of air admitted; and it would he a material im- 
provement if the f\imace could be fed by some such mechanism as the 
revolving grate described at page 53. The use of sediment collectors in 
locomotive boilers also appears expedient, as, if judiciously applied, they 
will effectually prevent the formation of scale upon the tul>es, and will also 
operate as an antidote to priming in many cases. Sediment collectors, ap- 
plicable to land and marine boilers, have l)een delineated and described at 
pages 69. 77, 78, 79, and 80. The form of collector best adapted for a 
locomotive boiler, will depend in a great measure upon the peculiar struc- 
ture of the l>oiler ; but generally any form will answer which communicates 
with the water level, and contains water within it in a tranquil state. The 
V shaped cuts for establishing the communication between the exterior and 
interior of the vessel, have t>een found preferable to holes of any other 
form ; for a subsiding particle, so soon as it falls in a slight degree, gets 
behind the case of the collecting vessel, and cannot afterwards escape. 
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CHAPTER XIL 



MANUFACTURE AND MANAGEMENT. 



HAKUFACTURE OF ENGINES. 

The best sitnation for an extensive eng^ine factory, intended for the pro- 
duction of marine and locomotive, as well as of land engines, appears to be 
in a coal and iron district open to the sea, and affording easy means of 
inland transport, both by railway and canal. Large towns are not eligible 
situations for such engine works as depend more upon the production of 
new articles than the repair of old ones ; for in large towns the cost of 
subsistence is greater than in secluded districts, and the wages of the 
operatiye must be higher to purchase the same amount of comfort, or else his 
comforts must be diminished. In rural situations, too. the working popu- 
lation need not be crowded into the narrow compass they are compelled to 
be content with in large towns : every man may have a separate house, and 
every house may have a garden ; and a guarantee is acquired for the sobriety 
and good conduct of the working man in the comforts with which he is 
surrounded. Men are migratory and intemperate because their homes in 
large towns are such as to be necessarily distasteful to them ; and a factory 
aspiring to have skilful and respectable men, should be prepared to make 
some sacrifice towards promoting the improvement of their social condition. 
A mral factory is the best adapted for carrying these views into effect ; 
and, by selecting a coal and iron district, the expense of transporting these 
materials to the seat of manufacture is saved. The place selected should 
be open to the sea, so as to enable vessels to be freighted with machinery 
intended for distant places at a quay alongside the works, and also to 
enable iron steam vessels to be fitted with their engines without requiring 
to send either men or materials from the factory. The paddle wheels and 
the boilers of marine engines cannot be carried by canal without great in- 
convenience ; and it is only by so placing the factory that vessels can come 
up to its quays, that expense and inconvenience from such sources are to be 
avoided. A yard for the construction of iron ships again forms a very 
natural appendage to an engine factory ; but such an appendage cannot 
exist unless the locality chosen be open to the sea. 

But although we consider the sea coast of a coal and iron district to be 
the best situation for an extensive engine factory, we do not conceive that 
the supreme direction should be located in so secluded a place. London 
should be the head quarters of the management of English factories, because 
there the best orders are to be had, and there the improvements of the age 
concentre. Obscurity is more likely to overtake a provincial engine 
factory, if it be not well represented m London ; and the persons giving 
orders for engines generally desire to confer with the managers, who must 
be at hand to make such interviews possible. In London the plans must be 
fixed and the drawings made, and they can then be sent into the country 
for execution. This, we believe, is the method pursued by Messrs. Boulton 
and Watt, whose engines intended for the Ix)ndon market, though manu- 
factured at Soho, near Birmingham, are, we understand, designed by the 
members of the firm resident in London, whereby Messrs. Boulton and 
Watt combine the advantages of metropolitan representation with rural 
manufacture. In such cases it appears expedient to have a small factory 
upon the spot for repiurs : Messrs. Boulton and Watt have a hulk for this 
purpose, fitted up internally as workshops, and provided with shear legs for 
moving heavy weights. In the selection of a metropolitan workshop for 
the accomplishment of repairs, much must, of course, depend upon the ex- 
tent and precise nature of the trade. If contracts exist fur the repair of 
locomotives, it appears expedient, in the present condition of metropolitan 
railways, to repair the locomotives of each railway in a workshop on the 
line; but such would no longer be the case if a suburban railway were to 
be made, connecting together the different termini. In that case the whole 
of the repairs should be executed in one factory, and that factory should 
be so situated as to be available for the repair of steam vessels as well as of 
railway locomotives. In such a factory it would be desirable to have the 
addition of a foundry and forge hammer, but, under other circumstances, 
it would be preferable to dispense with such aids, as too powerful for the 
occasion. 

To make money by the faorication of engines, it is necessary to manu- 
facture and not to make them : and those persons generally will make the 
most money who are content to look upon the business as a trade, and not 



as a profession. A certain type of engine should be adopted and preserved 
without alteration, until it becomes so antiquated that people will have it 
no longer. To the production of this form of engine the various tools must 
be adapted, and tools may be devised to form the several parts with the 
utmost exactitude and rapidity, and with the smallest possible amount of 
manual labour. The production of engines under such circumstances will 
become a manufacture, and will be attended with the same results, both in 
the cheapness of the process, and the excellence of the product, as in the 
case of weaving or spinning by steam instead of by hand power. To pro- 
duce engines cheaply, and of good quality, tools must be employed which 
are not only of great capabilities, but which are specifically adapted to the 
end in view ; but it would not pay to construct such tools for the produc- 
tion of only a few engines ; and as the tools can neither be changed nor 
discarded without loss, it is necessary to persist in the manufacture of the 
same description of engine as long as possible, or until the savings from 
the use of the tools employed have covered their expense. 

It is impossible for us to give any general rules for the construction of 
factories, for much depends upon the kind and extent of business contem- 
plated, and something also upon the situation. It is most important, how- 
ever, that a factory should be so easily accessible, both by water and by 
railway, as to obviate heavy expenses for carriage ; and it may for the 
most part be concluded, that a factory is ineligibly situated which requires 
to spend anything in cartage. In some cases the expense of carriage is so 
great, as to constitute a considerable per centage upon the capital invested; 
and, unlike most other errors, the necessity of cartage, from the badness 
of the situation, is an error that cannot be retrieved. Abundance of water 
is a good feature ; and, in most cases, a promontory or peninsula in a har- 
bour or river will be found to be an eligible locality. — But we fear these 
directions are of too general a character to be of much utility ; and we 
shall, therefore, give a description of a factory such as would be suitable for 
the manufacture of land, marine, and locomotive engines, with a yard for 
the construction of iron ships ; and though not suitable for every case, it 
may serve as a type, to the features of which other factories may be made 
to conform. 

At right angles with the shore, a long wet dock extends into the land, 
bounded on the left hand with a parallelogram of buildings divided cross- 
ways into three squares. In the first of these squares, and facing the 
shore, the entrance gate is situated ; and at the opposite side of the square 
is the fitting shop for the heavy engines. Adjoining the gate, on each 
side, are offices and warehouses, and the dwelling of the manager of the 
works. On the left-hand side of the square is a range of buildings, on the 
ground floor of which the planing and boring machines, and other heavy 
tools are set, and in the superior stories are small lathes and finishing 
workshops. On the other side of the square is a range of buildingSi the 
ground floor of which is devoted to the fitting together of locomotive en- 
gines; above this shop the pattern shop, and place for keeping the patterns, 
are situated. This completes the first square. The second square is larger 
than the first, and is bounded on the front by the fitting shop, which se- 
parates it from the first square, and at the back by the foundry. The 
sides of this square are occupied by smiths* shops, by body makers' «hop8 
for the construction of locomotive carriages and waggons, and by painting 
shops, in which the carriages are painted, stuffed, and finished. All these 
buildings are only of one story, are turned with their gables towards the 
square, and are lighted from the roof. Rails are laid across the square, 
with turn-tables at suitable intervals, so that any carriage in any one shed 
may be easily shifted into any other. For the body makers, lathes and 
circular saws, drilling and mortising machines are provided, so that the 
only manual labour required is to put the parts together. At the end of 
the range of smiths' shops, the rolling mill and forge hammers are placed. 
The smiths' fires are most conveniently blown by a fan-blast. The forge 
hanmiers are worked by means of the atmospheric pressure, which also 
drives the machines in the boiler shed, and appears calculated to super* 
sede, in many cases, the usual modes of giving motion to machines. Be* 
hind the foundry the third square is situated, and its chief use is to hold 
the foundry boxes ; the sides of this square are occupied by shops for the 
brass founder, the copper smith, the maker and mender of loam boordi 
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the foundry smith, &c., and a place is also provided for the clay mill In 
the centre of the square is a triangle for breaking iron: the back end of 
the square is left vacant, to facilitate future additions. 

Between the wet dock and the side of these squares of building, is a 
quay, alongside which vessels lie to get in their engines ; the end of the 
fitting shop is turned to this quay. Instead of cranes in the fitting shop, 
winches travelling on beams, such as are now generally employed by 
masons, are eniployed, and these beams extend through the end of the 
house and across the quay to the dock, so that a piece of machinery may 
be lifted in the fitting-shop and deposited within the vessel in the dock, 
without the necessity of any intermediate process. To support the beams 
carrying the travelling winches outside the house, pillars stand on the 
edge of the quay, and the portion of the beams which hang over the quay, 
are securely trussed by means of iron rods. The roof is continued along 
over the beams, both to give increased strength and to protect the work- 
men from the wet, when putting engines on board. 

On the opposite side of the dock is the boiler shed, and in continuation 
of it is the building yard. The boiler shed is a very large structure ; it 
contains smiths* shops for preparing the smith work necessary for boilers 
and iron ships, and is provided with rivetting and punching machines, and 
other necessary implements. The boiler shed is lighted from the roof, and 
the boilers are lifted by means of a travelling carriage running on beams 
Dear the roof^ arranged as in the fitting shop, and similarly projecting over 
the dock, so as to put boilers on board. The whole of the roofs are made of 
iron, which are as cheap as timber roofs, and greatly preferable in every 
way. A railway runs round the dock, and doors open to the wharf from 
the foundry, carriage shop, and locomotive shop ; so that any heavy article, 
whether engine, boiler, locomotive, railway carriage, or casting, may be 
set either on board ship, or on a railway, without incurring ^e trouble 
and expense of intermediate removal. 

In the tools employed in the construction of locomotives, great improve- 
ment may be introduced ; and in settling the paiiicular plan of locomotive 
to be adopted, reference must be hod to facility of manufacture. The 
present method of constructing iron ships is rude and primitive. If a form 
of vessel be fixed upon for which a mathematical expression may be found, 
a machine may be contrived that will bend the ribs to the right curve and 
bevel, and also bend the plates to the right shape. The plate with thick- 
ened edges, introduced by Mr. Fairbaim, appears to afford the greatest 
facilities in the manufacture of iron ships ; and if machinery be introduced 
that will form the parts accurately, it will be possible to make large pieces 
of a ship by means of the rivetting machine; and the only hand labour 
that will then be requisite, will be that necessary for fastening these pieces 
together when put into their places. A rivetting machine, however, will 
probably be invented, that will rivet the parts in their places ; and if the 
frames be accurately punched, and accurately set, the application of such a 
machine does not appear to be difficult Two strong rollers might be 
made to travel up on the frame to which the plate to be ri vetted had just 
been applied, and these rollers, if suitably formed and suitably directed, 
would suffice to accomplish the rivetting operation. To guide the rollers, 
a carriage with four wheels, of which the rivetting wheel was one, would 
have to be applied upon the inside of the frame ; upon this carriage a small 
cylinder would be set, connected with a vacuum pipe by means of a flexible 
tube, and so soon as the cylinder was put in operation the carriage would 
mount up on the frame, the wheels of the carriage being anned with pro- 
jecting spurs to enter the rivet holes, and thus enable it to advance. Such 
an instrument would not be applicable, either at the extreme bow or the 
extreme stern, on account of the curves there to be met with ; and the bow 
and stem would either have to be plated by hand, or to be formed sepa- 
rately by the ordinary rivetting machine, and to be then put in their places. 
For strong vessels with thick plates machine rivetting is especially desir- 
able, as, with the force imparted by hand rivetting, it is difficult to make 
the rivets fill the holes. 

7'he loose system pursued in some factories, of allowing the inferior 
fbremen or workmen to fix the shape and dimensions of cocks, bolts, and 
other subordinate parts, is one likely to lead to much confusion, and is 
not to be commended. Every thing should be drawn in the drawing- 
office, even the spanners, oil-cups, and gauge cocks; and for any misfit, 
the person who has made the drawing should be responsible, provided his 
dimensions have been followed. It should be the part of the foreman not 
to design portions of the work, but to see the work properly executed ; 
and no foreman should be permitted to alter or add to a drawing on any 
account whatever. Should he perceive any mistake or omission, he should 
come to the drawing-office to have the requisite alteration made, but should 
not be suffered to make it himself. It is only by a rigorous adherence to 
this plan that mistakes and confusion are to be avoided, or that an accurate 
record can be kept of the work which has been done. The practice with 
the London engineers is to make their working drawings to a scale of l^ 
inches to the foot, — representing portions, however, of such parts as the top 
ends of the side rods, bottom of connecting rod, &c, of which the form 
cannot readily be found from the measurements of a rule, of the full size. 
The drawings are fixed upon boards, and varnished so as to preserve them 
from the effects of grease ; and a ledge of wood is nailed round the edges 
to keep them down, and prevent the drawing from being rubbed when the 
boards are piled one upon another. Erection drawings should be given to 
the foreman of the erecting shop, with all the centres marked in their 



proper places ; and the sixe should be given to which the cylinder is to be 
cast^ as well as the size to which it is to be bored. Every erector should 
have a box for holding his hammers, chisels, and files ; and eveir finisher 
a drawer for holding his tools. Steel straight edges are preferable to 
wooden ones for most purposes, and the different workshops should be 
supplied with them. All tools going out of the factory should be weighed, 
and weighed again when they are brought back. It will generally be 
found the best economy for factories to make their own gas, and all the 
workshops should be well lighted, so as to save candles. Flexible tubes, 
fitted at the ends with heavy candlesticks, will be necessary to supply gas 
for the erectors. 

To make the manufacture of engines profitable, it is necessary to be 
able to get good orders, and to be able to manufacture cheaply. Orders 
are most easily got by makers who have a name : yet a name is not in all 
cases of itself a sufficient attraction, and other allurements must be pre- 
sented. The ability to give money accommodation will, in many cases, 
establish a preference, but the chief reliance should be placed upon the 
activity of the managing head, who, with competent engineering know- 
ledge, should be a thorough man of business, and whose function it should 
be to agitate unceasingly among the persons likely to require engines 
made. In fixing the plan of engine, the highest scientific attainments 
should be put in requisition ; but the plan once fixed, the production of 
engines ceases to be a profession, and is as much a trade as building or 
weaving, and, to be profitable, must be pursued on the same system. A 
fastidious taste, or a wavering disposition, are only barriers to com- 
mercial success ; and those will make most money who, instead of distract- 
ing themselves among superlative refinements, will look chiefly to getting 
the work done- Improvements have their price as well as their recom- 
pence, and, to be profitable, they must be introduced at rare intervals, and 
then only after they have been satisfactorily tested, so that their success is 
certain. In their designs and their model experiments, engineers may be 
as revolutionar}- as they please; but a manufactory should be a conservative 
institution, and can never be made profitable amid perpetual changes. The 
form selected should be preserved intact until the accumulation of new 
improvements is such as to justify and compel the introduction of another 
combination, which should in its turn be retained until a new crop of im- 
provements has been raised equal in value to the former. Manufacture 
is thus reconciled with progress ; and the alternative is averted of tedious 
and expensive production, or a gradual lapse into antiquity. 

The most important element of prosperity, however, m the conduct of 
factories that we can discern, is that of making the workmen employed 
participators in the profits realised, whereby their energies are effectually 
enlisted, and their ingenuity stimulated to the device of cheaper methods 
of manufacture. If this innovation be generally carried into effect, strikes 
will become impossible ; and the ingenuity of the workmen, at present a 
barren field, will spring up into new forms of life and productiveness. The 
collective inventive genius of the operative classes is a mine of unspeakable 
wealth, and will at once be rendered available by making it the interest 
of the workman to plan cheaper methods of manufacture. The managera 
of factories are generally made participators in the profits realised, andthe 
most beneficial results have sprung fVom the arrangement ; but the prin- 
ciple has not been generally extended to the workmen, though recent ex- 
periments show that, in their case, it might be applied with equal ad- 
vantage. M. Leclaire, a house piunter in Paris, has for some years made 
his workmen panicipators in the profits of his establishment ; and, in a 
paniphli't recently published, he speaks of the system in the highest terms 
of praise. Lord Wallscourt has long pursued a similar plan in the culti- 
vation of his estates in Ireland, and its operation has been such as to 
stimulate the supine Irish peasant into active industry, and to shed pros- 
perity and gladness over a district that was formerly the abode of famine 
and despair. In reply to our inquiries. Lord Wallscourt says, ** I have 
tried the plan for seventeen years, and have found it to answer much K*- 
yond my hopes ; inasmuch as it completely identifies the workmen with 
the success of the farm, besides giving me full liberty to travel on the 
continent, for a year at a time, and upon my return, I have always found 
that the farm had pn>spered more than when I was present" Lord Walls- 
court's practice is to reckon every workman as the invester of as much 
capital as will yield, at five per cent, per annum, the sum paid to him in 
wages. In a factory conducted on this principle, the capital requisite for 
the erection of the necessary works, and for carrying the business on, 
would be regarded in the light of a debenture, upon which a sufficient rate 
of interest to cover the risks would have to be paid, before any profits 
could be divisible among the workmen; but a certain rate of wages would 
be secured to the workmen as a minimum, whether there were profits or 
not The profits might be divided every year ; and, to avoid a partner- 
ship transaction, might be distributed as gifts instead of profits, whereby, 
too, any workman discharged for misconduct would have no further claim 
upon the establishment. This is the plan pursued both by Ix)rd Wallscourt 
and M. Leclaire, and we have their testimony to show that it is in every 
respect satisfactory. 

It is clear that the principle of a fair division of profits satisfies every 
aspiration of industry. Machiner}-, instead of being the competitor of the 
working man for subsistence, will, so soon as this great principle gains an 
effectual introduction, be his assiduous slave. If machinery ploughs, or 
spins, or toils in the mine, it is for him that it will perform these beneficent 
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laboan ; and whatever benefit the introdnction of machinery brings, he 
will participate in it in a &ir proportion. Every intellectual capacity will 
be brought into increased exercise; invention will be stimulated, and 
improved modes of construction will be devised. We own we think that 
even six hours of work in the day would be enough ; for with good ma- 
chinery, efficient direction, and such activity as must arise when men are 
made participators in the profits arising from their labours, as much work 
may be done in six hours as in ten or twelve hours according to the pre- 
sent system. 

Such, then, are the chief considerations which suggest themselves to us 
in connection with tiie management of factories. The factory should be 
commodiously situated, and should aim at the production of large quan- 
tities of Uie same kind of work, so that the requisite tools and appliances 
may be introduced to make the production a manuftcture, and tiie men 
will only have tasks to perform with which they have long been familiar. 
So soon as the plan is settled, all considerations of scientific excellence 
should be dismissed, and the work should be conducted as if the only 
object to be considered were the production, at the cheapest rate, of certain 
hundreds of tons of finished castings and polished smith work. Of course 
quality must not be sacrificed in the aspiration after cheapness; but the 
quality being fixed, the question is how to produce the articles reqiured 
at the cheapest rate. We believe that the adoption of the principle of 
dividing the profits with the workmen, will add to the employer's gains, 
and diminish his anxieties ; while to the workman it will bring such ame- 
liorations as will at once place him in his true position in society. With 
the termination of the existing system, the strife now subsisting between 
masters and men must cease, and they will be knit together for the future 
by an identity of interests, which will gradually grow up into a mutual 
confidence and regard. 

MANAOEMliNT OF ENGINES. 

We have already, at page 203., given directions for the management of 
the pumping engine, and as the management of the rotative mill engine is 
identical with that of the marine engine, we shall restrict our remarks under 
this head to the subject of marine and locomotive engines. Marine engines 
require more intelligence for their management than any other description 
of engine, partly in consequence of their great size and complication, and 
partly on account of the serious consequences an accident may entail, if the 
vessel be at the time in a critical situation from stormy weather or adverse 
winds. On foreign stations, too, the engineer is thrown very much upon 
his own resources should an accident occur, and the least weighty conse- 
quence of his ignorance or neglect will be to damage seriously a very ex- 
pensive machine. To the management of marine engines, therefore, our 
present remarks will be chiefly directed, as if this part of the general sub- 
ject be mastered, the other branches of it will cease to present any difficulty 
which the most moderate reflection may not surmotmt 

The first and weightiest duty of the steam-boat engineer is, to see that 
the boilers are properly cared for. The length of the watch is generally 
about four hours, and the engineer on watch should be in perpetual at- 
tendance on the boiler, to see Uiat the feed is properly maintamed. If the 
boiler be blown off by means of blow-off cocks, the operation should be 
performed twice in the watch, or once every two hours. The feed should 
be so set that the water will rise in the course of two hours from a little 
below the middle to near the top of the glass gauge tube, and in opening 
the blow-off cocks the water should be allowed to subside fh>m near the 
top of the glass gauge tube to a litUe below the centre. This, it is true, is 
a very indefinite quantity, for the area of the water level varies in different 
boilers, and the glass tubes are of different lengths ; but the engineer will 
soon discover the exact quantity of blowing off requisite for the particular 
boilers he works — the rule being to blow off so frequently or so much as to 
prevent any accumulation of scale within the boiler. We wish here to 
repeat again that in every case in which there is an accumvlation of scale in 
tlie boiler^ the fault lies with the engineer^ who is either ignorant of his duty 
or inattentive to it. The scale should never be thicker than a sheet of paper 
in the worst parts, with the black iron showing in other places ; and the 
operation of blowing off must be carried so far that this thickness will never 
be increased. In some boilers the scale in the water spaces is suffered to 
accumulate until the spaces are completely choked up in some places, and 
the iron of the flues then gets red hot, and is bellied inwards by the pres- 
sure. When this takes place, the only plan to pursue, if the salted parts be 
not easily accessible from the interior of the boiler, is to cut large manhole 
doors in the flues, and to quarry out the salt with appropriate instruments. 
As much may be quarried out every voyage as can readily be accomplished, 
and the manhole doors may in the meanwhile be closed by means of cross 
bars and bolts in the usual fashion. As soon as the boilers are clear, these 
holes may be covered with plates rivetted on. but if the boilers be con- 
siderably worn, the manhole doors will last as long as the boilers, and need 
not be removed. 

In boilers furnished with brine pumps, reliance must not be placed upon 
the pumps always acting well, and once every watch some water must be 
drawn off fVom the boiler to be tested by a salt gauge, to see whether it is 
too salt or not There is no salt gauge which is received as a standard, but 
the engineer may easily make one as follows • — Take a glass phial or 
eau de Cologne bottle, poor into it so much shot that it will nearly sink in 



sea water, and then cork it tightiy. Take any convenient weight of boiling 
water, say 33 lbs., add thereto I lb. of rait, and then put the phial into it 
turned upside down, so that the shot will rest against the cork ; make a 
mark at tiie point at which the water stands on the phial ; this represents 
the saltness of sea water. Add then another pound of salt to the water, 
marking the point on the phial at which the water stands, and repeat the 
operation until 12 lbs. of salt have been added, at which point the water 
will have received as much salt as it can dissolve ; transfer the marks upon 
the bottle to a paper scale, which paste on the inside of the bottle in exactly 
the same position as the original marks. You will then have a salt gauge 
which will tell the saltness of brine from the point of sea water up to the 
point of saturation. Reckoning sea water at 1, the water within the boiler 
should not exceed the saltness represented by 4, at which point the water 
contains ^^ds of salt This, though a tolerably correct instrument, is ob- 
viously a rude one, and it is preferable to have salt gauges properly made 
by the glass-blower, but graduated by a boiling solution on the principle we 
have described. A salt gauge is merely a hydrometer, and may be made 
by any person conversant with the manufacture of those instruments. 

The safety of the boilers being assured, the next point the engineer on 
watch has to look to, is to see that the pressure of the steam is properly 
maintained. Here almost every thing depends on the fireman. One fire- 
man will keep the steam up with a moderate consumption of coal, while 
another, with an increased consumption, will not prevent the pressure from 
declining, and yet it is hard to say wherein lies the difference of manipula- 
tion. It is a conmion fault, however, with lazy or ignorant firemen, to pile 
up the coal at the mouth of the furnaces, while the bars at the after end are 
nearly bare, and if there be any holes in the fire, the cold air will rush up 
through them and greatiy diminish the efficacy of the fuel. Opening the 
furnace door frequentiy has also a pernicious effect, and should be avoided 
as much as possible. It is desirable that the bars should have a considerable 
inclination, to facilitate the descent of the fuel upon them, and thus keep the 
after end of the bars effectually covered. Bars are to be preferred that are 
made of malleable iron, as they are more durable than cast iron bars, and 
may be made thinner, whereby they more effectually distribute the air 
among the burning fueL Bars three quarters of an inch thick on the upper 
edge, tapering to one quarter of an inch thick on the lower edge, seem to 
answer very well when the bars are of malleable iron- The greater width 
between the bars at the under than at the upper edge, facilitates the ad- 
mission of the air, and the descent of the ashes and cinders. Bars are 
usually set jths of an inch asunder, but this width must be diminished if the 
coal be very small, and can be diminished with impunity when the bars 
are thin. 

If the boiler when tolerably well fired is still short of steam, a few wind- 
sails should be set up and their ends directed into the engine room, fo as to 
send into it a larger supply of air ; or by setting the foresail the draft may 
sometimes be increased. In some cases the hatches through the deck into the 
engine room are too small to admit the necessary supply of air to the furnaces, 
and they must then be enlarged, or new ones opened. Partially closing the 
damper will sometimes increase the generation of steam, and in such cases 
it is expedient to place a sheet iron hanging bridge at the end of the flues, 
where they enter the chimney. In the case of tubular boilers, however, 
this cannot be done ; but a sliding perforated plate, or Venetian damper, 
may be so applied to the ends of the tubes, as to retain the hot air for a 
longer period within them, thereby increasing the efficacy of the fuel. 
Whatever be the steam producing powers of the boilers, a vacuum should 
never be suffered to be formed within them, as it is impossible to blow off 
if there be a vacuum in the boilers, and the gauge cocks, moreover, will in 
such case cease to afford any indication of the height of the water level. 
If the pressure of the steam cannot be maintained, that grade of the expan- 
sion cam must be used, which will cut off the steam at such a point as will keep 
the pressure at the right pitch ; or if there be no expansion gear, the throttle 
valve must be so far closed as to keep the steam gauge nearly up to the 
point answering to the load on the safety valve. Partially closing the 
throttle valve of an engine, will have nearly the same effect as the use of an 
expansion valve, if there be any lap on the steam slide ; for the steam, 
though it presses on the piston with the full force at the beginning of the 
stroke, when the motion of the piston is slow, cannot maintain the pressure 
on account of the smallness of tiie opening, when the motion is quickened ; 
the pressure within the cylinder therefore declines, and if, before the motion 
becomes slow again, as it will do towards the end of the stroke, the steam 
be shut off by the lap on the slide, an effect will be obtained almost identical 
with that which would have followed the application of an expansion valve. 
The action is further illustrated by the indicator diagram, ^^.343. page 248, 
to which it is sufficient to refer. Partially closing Uie throttle valve checks 
priming, and opening the throttle valve or the safety valve suddenly has a 
great tendency to produce it, as has already been mentioned at page 83. 
When the boiler primes, the speed of the engine is sure to be diminished 
in consequence of the large quantity of water the air pump has then to 
deliver, and it will be expedient in such cases partly to shut off the injection 
water. When priming begins, engineers generally close the throttle valves, 
diminish the supply of injection water, and open the furnace doors. If the 
priming be very strong, so as to cause the water to leave the boilers very 
quickly, it is necessary to have a few buckets of water at hand, to throw in 
upon the fire the instant the water subsides below the glass tube. It will 
not do then to set about the drawing of fires, for ail the damage may be 
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done before the fires can be drawn, but the engineer mnst open the furnace 
doors and throw in a few buckets of water, standing to the one side to 
escape the backward rush of the steam, which would otherwise scald him. 
The fires will not be put out by this regimen, but will be so far damped as 
to prevent them from doing any injury to the boiler, even though it be a 
tubular one with brass tubes. The same urgent haste is not necessary, if 
boilers have begun to salt from the stoppage of the blow-off pipes, and there 
it will do to draw the fires preparatory to pumping out their contents by 
the deck pump, if they cannot be blown off through the deck pump sea 
cock into the sea. But in the case of the water being suddenly carried out 
of the boiler by priming, or of the water having been suffered to subside too 
fkr by the neglect of the feed, the best plan is to quench the fires in the way 
we have described. If from the neglect of the feed, the flues or fhmaces 
have become red hot, on no account must cold water be thrown in by the 
pnmp, else the sudden pressure within the boiler thus created will be sure 
to make the heated places bulge down, and may perhaps burst the boiler. 
A plate which has bulged down may be set up again by lighting a fire 
against it, so as to make the plate red hot, and then forcing it up with a 
screw jack. 

One of the greatest dangers that can occur to a boiler, is that of a safety 
valve jamming or refusing to act Every boiler ought to have a safety 
valve of its own, and if this valve should jam, the steam has still a means 
of escape through the stop valves into the other boilers, the safety valves 
of which are not likely to be similarly affected ; nevertheless cases have 
occurred in which the safety valves have all been rendered inoperative, 
and it behoves the engineer to prepare himself for such an emergency. In 
one of these cases the cone, which is frequently placed in the ball of the 
waste steam pipe, became loose, and jammed itself into the mouth of the 
pipe, whereby, though the safety valves were all open, the escape of any 
of the steam was prevented. The pressure of steam in the boiler increased 
until it broke some of the boiler stays, and the engineer being unprepared 
how to act in such a dilemma, the boiler would no doubt have burst, had 
not the waste steam pipe given way, when the ball was shot to a great 
height into the air. In this case the pressure would have been immediately 
relieved by opening the blow through valves of both engines, and at the 
same time opening the furnace doors to check the production of steam. 
The existence of a dangerous pressure within the boUer is always shown 
by the steam gauge, the mercury of which is blown out when the pressure 
of the steam becomes dangerously hi£fh. If both safety and stop valves 
were to become fixed at the same time, so that the steam could neither gain 
access to the engine nor escape by the safety valve, the best plan would be 
to open the blow-off cocks and all the gauge cocks, throw open the furnace 
doors, and quench and draw all the fires. Such an accident, however, can 
)iardly happen, and we have never known it to occur in practice. 

Two or more fires are usually cleaned every watch, depending on the 
number of the furnaces and the quality of the coal. The fires to be cleaned 
are suffered to be burned down until there is very little else than clinker 
left upon the grate, and the whole of this clinker is then raked off, and the 
fire is lighted afresh. The operation of cleaning the fires is usually per- 
formed just before the termination of the watch, and the whole of the 
ashes are then hoisted up and thrown overboard, the firemen on watch 
filling the ash- buckets, and the firemen about to come on watch hoisting 
them up and emptying them into a shoot in the paddle wheel, or over the 
ship's side. There ought to be a cock on each side of the stoke-hole, about 
2 in. diameter, for the admission of water from the sea for quenching the 
fires and other uses. 

Such are the chief points which solicit the engineer's attention in the 
working of the boilers. In the management of the engines, the first point 
to be looked to is that the cutters are neither too slack nor too tight, and 
that none of the brasses are heating. In the generality of engines, the 
bearing most apt to heat is the crank pin, but much depends on the pro- 
portions of the parts, which differ in different engines. It is usual to lubri- 
cate the crank pin, when it heats, with sulphur and tallow, which is supplied 
through a funnel cup instead of the ordinary oil cup, and the same disci- 
pline IS observed in the case of other bearings. This plan answers well 
enough when the heating is not considerable, but it will sometimes be 
necessary to cool the bearing by cold water applied by means of the hose 
communicating with the deck pump. If the cast iron parts, however, such 
as the plummer blocks of the main shaft or their covers, become hot, it 
may crack them to throw cold water upon them suddenly, and in such 
cases it will be better to begin with hot water from the boiler, shutting off 
the boiler cock gradually from the pump, and opening the sea cock gra- 
dually until cold water is projected upon the bearing. In the malleable 
iron parts of the engine, cold water may be applied to hot bearings without 
this precaution, and the best remedy there for a troublesome bearing is the 
application of the water hose. Bearings, however, rarely heat unless they 
are too tightly screwed up or the supply of oil to them has been neglected, 
and they must be slackened and lubricated as well as cooled with water. 
The heating of a bearing very frequently injures the surface of the metal, 
and cuts away the brass very much : it should therefore be checked at the 
outset, and in replenishing the oil cups, which the engineer should periodi- 
cally do, he ought to feel the bearings to make sure that they are not hot. 
He should see at the samn time that none of the cutters are working loose. 
A looseneu of any of the main bearings will generally manifest its exist- 
ence by a jerk in the engine, but some of the cutters of the parallel motion 



may come out and occasion serious breakages without giving any such 
warning. The same remark applies to any of the main cutters which are 
not made with a taper, such as the cross-head or cross-tail cutters of some 
engines, which may come out without giving intimation of the danger. 
The main cutters about an engine should all be provided with screws, such 
as is represented in the connecting rod strap in our plate of details, to pre- 
vent the cutters from going either back or forward. Generally speaking, 
cutters have a tendency to work further in, whereby, if the tendency be 
not counteracted, they will cause the bearings to heat 

The state of the vacuum will be shown by the vacuum gauge attached 
to the condenser, and if it be imperfect, the cause must be ascertained and 
the fault corrected. If the hot well be much more than blood warm, more 
injection water must be admitted, and if the vacuum is still imperfect, there 
must bo some air leak, which the engineer must endeavour to discover. 
Very often the fault will be found to lie in the valve or cylinder cover, 
which must then be screwed more firmly down, or in the faucett joint of 
the eduction pipe, the gland of which will require to be tightened, or the 
leaking part puttied up. The cylinder and valve stuffing-boxes may at 
the same time be supplied afresh with tallow, and the door of the condenser 
examined, if the engine be provided with one. The joints of the parts 
communicating with the condenser are usually tried with a Qandle, the 
vacuum sucking in the flame if the joint be fkulty ; sometimes the cover 
of the foot valves leaks air into the condenser, but in side lever engines, 
this is a very difficult part to examine when the vessel is under weigh. 

The power actually exerted by an engine is determined by the indicator, 
the operation of which we have already explained at page 170., but we 
may here give a few directions for the use of the young engineer, showing 
how he may take indicator diagrams himself, and how he may interpret 
the figures thus obtained. In the case of a steam vessel there is more 
trouble in applying an indicator than in the case of a land engine, as the 
proper amount of travel for the string cannot be so easily procured. The 
most convenient arrangement appears to be to add a small wheel and axle, 
or wheel and pinion, to the indicator, so that a string attached to *the 
piston-rod and wound on the wheel will ^ve the right motion to the 
cylinder on which the paper is fixed. The mdicator may then be applied 
to all sorts of engines, whether fixed or oscillating, without involving the 
trouble of a new method of attachment for each, but the string being tied 
to the top of the piston-rod, the motion will be reduced at once to that 
suitable for the paper cylinder, by means of the wheel and axle. It will 
do, however, when the proposed wheel and axle is not in readiness, to 
attach the string to any part of the parallel motion, or any part of the side 
lever which partakes of the motion of the piston. The parallel bar and 
parallel motion shaft are often selected. If the motion be taken from the 
side lever, the string must be attached in the central line of the beam, for 
if attached on the top of the beam near the main centre, the motion may 
not be the same as that of the piston, and a distorted figure will be obtained. 
Perplexity is sometimes cast over indicator diagrams in consequence of the 
improper attachment of the string, and in all cases of apparent anomaly, 
the first point to be inquired into is the point about the engine, to which 
the string has been attached. It is a good exercise for engineers to attach 
the indicator string to parts about the engine which they know to be wrong, 
in order to familiarise themselves with distorted diagrams, whereby they 
will be able to detect the imperfection and the causes by which it has been 
produced. 



Starting Coiner. 



^^339. 



Expaoftion C<Mmer« 



A 



Atmospheric Line. 



Lead Corner. 



Eduction Comer. 



tlfDICATOE DIAGRAM Of TBB CITT OP ABSRDKBN. 



Fig. 339. is a cylinder diagram of the City of Aberdeen steamer. The 
atmospheric line running through the centre of it shows the point at which 
the pencil of the indicator stands when there is neither pressure nor 
vacuum below the indicator piston, and it is traced by suffering the [lencil 
to make a line upon the paper wound round the drum before the cock of 
the indicator is opened. From the point A, near the left-hand top comer 
of the figure, the pencil starts on its course, and on the cock being opened^ 
it immediately flies up and forms the upper line of the figure, which repre* 
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fents the pressure of the steam, and for every tenth of an inch — or other 
distance irhich in the gradoation of the instrument is taken to represent a 
pound pressure — that the pencil rises, the pressure within the cylinder is 
that number of pounds above the atmosphere. By the time the paper 
reaches the extremity of its horizontal travel, the slide valve has shut off 
the steam and opened the passage to the condenser, when the pencil 
descends to a position beneath the atmospheric line corresponding to the 
degree of exhaustion existing within the cylinder. The bottom line of the 
diagram therefore represents the quality of the vacuum, and by the time 
the paper has travelled back to the same point from which it set out, the 
slide valve has closed the eduction passage and again let the steam into the 
cylinder, when the pencil again springs up to the position due to the pres- 
sure of the steam. It is clear from the consideration of this action, that if 
the steam experienced no obstruction in entering or leaving the cylinder, 
the figure would be a perfect parallelogram ; the pencil would be instan- 
taneously forced up to its highest point, where it would remain until the 
travel of the paper had terminated, when it would be instantaneously 
forced down to its lowest point, where it would remain until forced up 
again by the pressure of the steam. In practice, however, this state of 
tMngs cannot exist ; the steam requires time to enter the cylinder and 
time to escape fVom it, and the diagram is more or less rounded at the 
comers in. proportion to the obstruction thus presented. The more square 
an indicator diagram is at the comers, the more fully is the engine working 
up to its power with the given pressure of steam. If the comer marked 
** expansion comer" be cut away very much, the engine is working to a 
proportionate extent expansively. If the "eduction comer" be much 
rounded or slanted away, then the eduction passages are too small. If the 
** lead comer " be much slanted o£^ then the amount of lead given to the 
engine is great, or in other words, the steam side of the slide is opened 
before the end of the stroke. If the ** starting comer," or the steam comer, 
as it might be called, is slanted off, then the steam does not gain admission 
to the engine sufficiently early. Every change in the engine which occa- 
sions a rounding or slanting away of the comers of the diagram, diminishes 
the power of every stroke ; for the space enclosed by the pencil line repre- 
sents the power of a stroke of the engine, and the area of that space is 
diminished by every rounding away of the comers. It does not follow, 
however, that the peculiarities of stmcture which give a diagram cut away 
at the comers are necessarily pernicious in all cases. Expansion produces 
the effect referred to ; yet it is known to be beneficial, fVom the diminished 
power of the engine being more than compensated by the saving in steam. 
It is found advantageous to the working of the engine to give some lead to 
the valve, so that the cutting away of the lead comer of the diagram to a 
moderate extent is not to be looked upon as a defect ; but the eduction 
comer should be as square as possible, and any rounding of the steam or 
starting comer is a defect arising from want of lead, or rather from lead 
on the wrong side, — the steam valve not opening until some part of the 
stroke has been performed. To compute the power of an engine from the 
indicator diagram, divide the diagram in the direction of its length into 
any convenient number of equal parts by lines drawn at right angles with 
the atmospheric line ; set down the lengths of the spaces formed by these lines 
in measurements of a scale accompanying the indicator, and on which a tenth 
of an inch usually represents a pound of pressure ; add up the total lengths 
of all the spaces, and divide by the number of spaces; which will give the 
mean length, or what is the same tiling, the mean pressure upon the piston 
in pounds per square inch. Multiply the number of square inches of area 
in the piston by the number of pounds on the square inch, and by the 
speed of the piston in feet per minute, and divide by 33,000, which gives 
the actual number of horses* power : or we may square the diameter of the 
cylinder, multiply by the effective pressure per square inch, and by the 

Fig. 340. 



motion of the piston in feet per minute, and divide the product by 42,01 7f 
which gives the same result 

A horse-power is represented by a load of 33,000 lbs., raised one foot 
high in the minute, which is equal to 528 cubic feet of water raised 
through the same distance. Mr. Watt, when he first applied his en^ea 
to perform work that had previously been performed by horses, felt that 
some such unit as a horse-power would be convenient in enabling him to 
estimate the size of engine required. He therefore made experiments to 
ascertain the weight that might be lifted per minute by the strongest London 
horses, and found it on the average to be 33,000 lbs. raised through one foot 
in the minute. It is only the strongest horses, however, that can lift so 
much ; and Mr. Smeaton had previously found that 22,000 lbs. raised one 
foot high in the minute is as good a performance as can be had from horses 
of average strength working eight hours a day. Mr. Watt, however, 
appears to have been desirous that his engines should exceed rather than 
fall short of their nominal power, and therefore fixed upon a larger per* 
formance. In modem engines, the mechanical efficacy of the dimension of 
engine answering to a horse-power has been greatly increased, so that every 
horse-power of an engine rated at 100 horses, that is, every nominal horse- 
power, may lift 66,000 pounds one foot high in the minute, instead of 
33,000. A nominal horse-.power, therefore, is now merely a commercial 
unit by which engines are bought or described ; but the dimension of engine 
answerable to this nominal power, is that represented by the actual power 
in W^att's original engines. A table of these dimensions is given at p. 214., 
and the result is expressed with tolerable nearness by our rule, p. 107., and 
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by the rule ^^- — H. P. ~564o~ *s another mle which gives tolerably 

accurate results, and which, expressed in words, is, — Subtract 1 irom the dia- 
meter of the cylinder in inches, and square the remainder, which multiply 
by the velocity of the piston in feet per minute, and divide by 5640 : the 
result is the horse-power. The speeds of piston, with different lengths of 
stroke, are given at p. 214. This rule gives for the power of an engine 
with a cylinder 1 inch in diameter, the whole of the power of such an engine 
being considered to be absorbed by friction, which is relatively greater in 
small engines. 

1^2^.340. represents an indicator diagram taken fVom H.M.S. SpiteAil, 
made with a different indicator, in which the graduation is more nearly 
one-eighth than one-tenth of an inch to the pound of pressure. The scale 
is shown at each end of the diagram. In this case, the pencil, starting from 
the atmospheric line, immediately rises up to 5 lbs. pressure ; but from the 
beginning of the stroke the pressure slowly declines, showing that the steam 
is wire-drawn, and at about three-fourths of the stroke the pressure declines 
more rapidly, showing that at that point the steam is cut off^ leaving the 
rest of the stroke to be performed by expansion. Before the stroke is com- 
pleted, the pressure in the cylinder has fallen to between 2 and 3 lbs. below 
the pressure of the atmosphere. The slanting awav at the eduction comer 
shows that the eduction passages are of insufficient area, and the lead 
comer shows that there is more lead given to the valve than is usual. The 
following are some of the dimensions of this engine : — Diameter of cylinder, 
63 in. ; length of stroke, 6 ft.; stroke of valve, 15} in. ; cover on steam 
side, 3]in. ; cover on exhausting side, I Jin.; size of ports, 25] by 6{in. ; 
load on safety valve, 6 lbs. per square inch. By computing, according to 
the rules given at p. 90., the amount of expansion due to the amount of lap 
and stroke of valve here given, it will be found that the steam will be cut 
off when fh>m one-third to one- fourth of the stroke remains to be com- 
pleted, which the diagram shows to be the case. 

Fig, 341. is an indicator diagram taken from the air pump of the same 
vessel, the Spiteful, the diameter of which is 3 ft. IJin., and the stroke 
3 ft. 34 in. The diameter of the waste water pipe is 12| in. When the air 

pump bucket was at the bottom 
of its stroke, the indicator pencil 
was at a, showing a vacuum in 
ths the pump of about 12 lbs. on the 
.J square inch. As the bucket 
rose, the air and vapour in the 
pump was compressed till the 
pencil reached the point b, show- 
ing a pressure of about 6 lbs. 
above the atmosphere. At this 
fO point the delivery valve seems 
to have opened, and allowed the 
pent up vapours to escape, when 
the pencil fell to the point c, but 
here the water in the pump 
\.g seems to have come against the 
cover, forcing up the pencil to its 
highest point, d, which shows a 
pressure of about 8 lbs. above the 
atmosphere. From this point the 
pressure appears to diminish to e, 
\iO during the ascent of the bucket, 
and from e to/ during the down- 
ward stroke. The diagram, how- 
ever, from d downwards to / ia 
anomalous^ for how can the prei- 
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sure be supposed to descend tmm dio e when 
the bucket is still ascending, and wherefore tt^ 
does the line slant away ih>m e to ^ when Z 
it ought to fall perpendicularly, in conse- 
quence of the inunediate formation of a 
Taeuum in the pump, caused by the descent 
of the bucket ? It appears to us that the 
cover of .the air pump must have leaked air 
at the time this diagram was taken, and we 
think further that the string leading to the 
indicator must have come against some 
part of the en^e towards the end of the 
top stroke, thereby shortening the string, 
and quickening at that point the travel of 
the paper, whereby the slanting off, proper 
to the recoil of the spring from (/ to e, and 
to the imperfect vacuum from e to /, would 
beexa^rated. Fi^. 342. is another indi- 5- 
cator diagram, taken from an air pump, which 
in this case is that of the City of Aberdeen ; 
and here, it will be seen, there is no distor- 
tion such as that which occurs in the Spite- 
fiil's diagram. The following are some of jqI 
the dimensions of the parts of the City of 
Aberdeen's engines which have reference to f o[ 
the diagrams we have given. Diameter of " 
cylinder, 62 in. ; length of stroke, 5 ft 6 in.; 
lap on steam side of valve, ijin.; pres^ 
sure of steam, 7 lbs. ; lead, \ in. ; dia- 
meter of air pump, 37 in. ; length of stroke of air 
of waste water pipe, 12 in. ; height of mouth of 

Fig, 342. 
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pump, 3 fr. ; diameter 
discharge pipe above 



In marine engines the air pump is always made of a larger size than that com- 
monly used for land engines ; for when the speed of the engine is momen- 
tarily diminished by the waves rising around the paddle-wheels, the injection 
water is all the while running into the condenser in undiminished quantity, 
and unless the air pump be very large, it will be unable at such times to 
deliver the water. 

Fig, 343. is an indicator diagram taken from the cylinder of a land engine 
54 in. diameter, and 5 ft 6 in. stroke, erected by Mr. Fairbaim. The steam 
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deliveiT valve, 7 ft 8 in. The pressure on the air pump bucket due to this 
head of water is about 4 lbs. on the sq. in. The scale of the diagram is ^^th 
of an inch to the pound pressure, and the pressure shown by the diagram 
is about 5j lbs. on the inch ; so that about 1^ lbs. on the inch is required to 
open the delivery valve, and overcome the fHction of the passages. Hie 
vacuum in the pump is about 1 2) lbs. on the inch. The pencil in indicator 
diagrams very generally makes a few oscillations up and down before it in- 
^cates the true pressure. This is caused bv the momentum of the indicator 
piston ; and it is therefore expedient to make it as light as possible. 

We may here, by way of example, compute the power required to work 
the air pump of the Spiteful, taking the diagram to represent the power 
actually expended. We may first divide the diagram by the dotted lines, 
1,2, and 3, into four equal parts, which parts we may again subdivide, making 
ei^ht ordinates altogether. The pressure per square inch on the bucket 
will therefore be, — during the first eighth of the stroke, ; during the 
second eighth, J; third 1 ; fburth, 2 ; fifth, 6 ; sixth, 13 ; seventh, 15J ; 
eighth, 18 ; the mean of which is 7. From this has to be deducted the 
pressure which assists the bucket in its descent, whether from the leakage 
of air or otherwise, and wluch is, during the first eighth, 8^ ; during the 
second eighth, l^ ; and during the remainder of the stroke, 0. This gives 
a mean of 1*25 lbs., which, deducted fVom 7, leaves 5*75 lbs. on the square 
inch. The weight of water lifted by each stroke, taking the delivery valve 
to open at the point c, will be 395 Iba., which, divided by 1104, the square 
inches of area of the bucket, gives '357 lbs. of pressure per square inch, 
firoduced by the water lifted each stroke, making 6*107 lbs. effective 
pressure per square inch opposing the ascent of the bucket. This b equi- 
valent to 3-053 lbs resisting the motion both ways, or since the air pump 
is about Jth of the capacity of the cylinder, it is equivalent to a fifth of 
3*053 lbs. or '611 lbs. per square inch acting on the piston. Hence the 
number of horses' power expended in working the air pump of this engine 
is found by multiplying the area of the piston in square inches by -611 lbs., 
then multiplying by the speed of the piston in feet, and dividing by 33,000. 
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in the boiler is of a pressure of 3^ lbs. on the square inch, which pressure is 
not reached in the cylinder, and &ere therefore appears to be condensation 
in the steam pipes. The pressure is tolerably well maintained at the com- 
mencement of the stroke, on account of the slowness of the motion at that 
time ; it rapidly declines as the speed of the piston quickens, but rises 
somewhat towards the end of the stroke, in consequence of the diminution 
of the piston's speed. If the valve had been furnished with sufficent lap to 
cut off the steam at half stroke, the diagram would have followed the direc- 
tion of the dotted line, and the effect would have been superior. The 
engine is obviously working much below its power. 

The attendants upon engmes should prepare themselves for any casualty 
that may arise, by considering possible cases of derangement, and deciding in 
what way they would act should certain accidents occur. The course to be 
pursued must have reference to particular engines, and no general rules can 
therefore be given ; but every marine engineer should be prepared with 
the measures to be pursued in the emergencies in which he may be called 
upon to act, and where every thing may depend upon his energy and 
decision. If the ship springs a leak, the water may generally be kept under 
by injecting fh)m the bilge, and every steam-vessel should be provided with 
cocks for this purpose. These cocks should not communicate with any 
rose within the condenser, as the water drawn from the bilge is not clean 
water, and a rose within the condenser would probably soon become choked 
up. Should there be no ii^jection firom the bilge, a great deal of water 
may be lifted out by partly opening the sniftin^ valves, but should they be 
of such a construction as not to admit of being opened by a handle, or 
should they be in an inacessible position, the cover of the foot valve, or the 
man-hole door of the condenser, may be slackened. If the snifting valve 
cannot be opened readily, the injection may be shut off, so that the engine 
will heat and vitiate the vacuum, and the valve will then open of its own 
accord during the descent of the air pump bucket When raised, it must 
be prevented from closing again by something being wedged in below it : 
the steam will then be condensed in the air pump, and &t water drawn 
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through the niifting Talye will, in all ordinaiy leaks, soon leave the ship 
dry. If fire break oat in the vessel, the best plan is to keep all the hatches 
dose, to scuttle the deck, and to direct the hose leading from the deck pump 
npon the fire. The fire hose most on no account be used for pumping out the 
boilers, washing the decks, or other such purposes, but must be kept in a 
locker close beside the deck pump, for the single purpose of quenching 
fire ; and should be examined and oUed once a month. Cotton waste, if oU 
be spilled upon it, is liable to spontaneous combustion, especially if kept in 
a hot place ; and such combustibles should never be kept in lockers behind 
or near the boilers, or in any place where there is much light wood work 
that would readily take fire. The coals often catch fire from spontaneous 
combustion, but dama^ rarely arises therefrom : they should be quenched 
immediately the fire is discovered, by directing upon them a stream of 
water from the hose. Coal or combustibles of any kind should not be kept 
under the cabins, as it would be almost impossible to put out a fire among 
the light joiner-work of the cabins. Some vessels are fitted with a steam* 
cock for quenching fires, by filling the place with steam ; but such a cock, 
being seldom used, is likelv to be neglected and become so much corroded, 
that it cannot be turned when wanted. If collision occur, and the steamer 
is cut down by another vessel to the water's edge, it may be necessary to 
blow off one wing boiler instantly, and fill up the other, so as to give the 
vessel a list to ndse the broken part out of the water. There is no time for 
hesitation in such cases : the engineer must decide on the instant what he 
is to do, and must do it at once. In some cases of collision, the funnel is 
carried away and lost overboard, and such cases are among the most 
difficult for which a remedy can be sought If flame come out of the 
chimney when the funnel is knocked away, so as to incur the risk of setting 
the ship on fire, the uptake of the boiler must be covered over with an iron 
plate, or be sufficiently covered to prevent such injury. A temporary 
chimney must then be made of such materials as are on board the ship. If 
there are bricks and clay or lime on board, a chimney may .be built with 
them, or if there be sheet-iron plates on board, a square chimney may be 
constructed of them. In the absence of such materials, the awnmg stan- 
cheons may be set up round the chimney, and chain rove in through among 
them in the manner of wicker-work, so as to make an iron wicker chimney, 
which may then be plastered outside with wet ashes, mixed with clay, flour, 
or any other material that will give the ashes cohesion. War steamers 
should carry short spare funnels, which may easily be set up should the 
original funnel be shot away ; and if a jet of steam be let into the chimney, 
a very short and small funnel will suffice for the purpose of draught. 

If the crank pin breaks, the other engine must be worked with the one 
wheel. It will sometimes happen, when there is much lead upon the slide 
valve, that the single engine on being started cannot be got to turn the 
oentre if there be a strong opposing wind and sea ; — the piston going up to 
near the end of the stroke and then coming down agun, without the crank 
being able to turn the centre. In such cases it will be necessary to turn the 
vessel's head sufficiently from the wind to enable some sail to be set, and if 
once there is weigh got upon the vessel, the engine will begin to work pro- 
perly, and will continue to do so, though the vessel be put head to wind as 
before. If the eccentric catches or hoops break or come off, and the damage 
cannot readily be repaired, the valve may be worked by attaching the end 
of the starting handle to any convenient part of the other engine, or to some 
part in connection with the connecting rod of the same engine. In side 
lever engines, with the starting bar hanging from the top of the diagonal 
stay, as is a very common arrangement, the valve might be wrought by 
leading a rope from the side lever of the other engine through blocks, so as 
to give a horizontal pull to the hanging starting bar, and the bar could be 
brought back by a weight Another plan would be to lash a piece of wood 
to the cross tail butt of the damaged engine, so as to obtain a sufficient throw 
for working the valve, and then to lead a piece of wood or iron from a 
suitable point in the piece of wood attached to the cross tail to the starting 
handle, whereby the valve will receive its proper motion. If the shafts or 
cranks crack, the engine may nevertheless be worked with moderate pres- 
sure to bring the vessel into port ; but if the crack be very bad, it will be 
expedient to fit strong blocks of wood under the ends of the side levers, or 
other suitable part to prevent the cylinder bottom or cover from being 
knocked out should the damaged part give way. The same remark is ap- 
plicable where flaws are discovered in any of the main parts of the engine, 
whether they be malleable or cast iron ; but they must be carefully watched, 
to that the engines may be stopped if the crack is extending further. 
Should fracture occur, the first thing obviously to be done is to throw the 
engines out of geaj^ and should there be much weigh on the vessel, the 
steam should at onde be thrown on the reverse side of the piston, so as to 
counteract the pressure on the paddle-wheeL 

These, then, are the most important of the points which suggest them- 
selves in connection with the management of marine engines when they are 
at work ; we have next a few remarks to offer upon the general manage- 
ment of the engine room, and upon the secret of economy in the working 
of steam vessels. In dealing with the firemen and coal trimmers, there 
must be as many standing orders as pnssiblet so that the engineer may be 
saved a perpetual expenditure of thought on mere matters of routine, 
whereby his attention may be given to more important objects. The coal 
trimmers have u.sually the care of the lamps, the whole of which should be 
collected, cleaned, and trimmed every morning, and each then put in its 
proper place. For every thing in the engine room there should be a place, 



and for its bemg there, and bdng clean and fit for nse, some person or other 
should be responsible. It appears to be expedient to give to the best fire- 
man a few shillings a week more than the rest, and to make him responsible 
for all the spanners, the blocks for raising cylinder and air pump covers, 
and the screw for the paddle-wheels; and all these articles should be 
ranged, like the muskets of an armoury, upon the engine room bulk head. 
The spare gear should be ranged in the same situation, and should either be 
painted or be kept bright. The oil cans, lamps, and tallow kettles, may be 
put under the charge of the head coal trimmer ; they should all be of brass 
of the same colour, and should be kept bright and clean. Of the oil tank, 
tallow locker, and waste chest, the engineer himself should keep the key, 
and should give out every morning the quantity allowed for the day*s con- 
sumption. Bolts, copper drifts, and other light miscellaneous articles, the 
engineer should keep locked up in his store closet where also he should 
keep his hammers and chisels, saws, drills, taps and dies, files, smith's 
tongs, and other similar implements. The paddle bolts and plates are in 
the charge of the carpenter, but the engineer should ascertain that the car- 
penter is always provided with a sufficient supply. Every steamer intended 
for the performance of other than short voyages, should be provided with a 
smith's forge and anvil, and with a small turning lathe. The smith's forge 
should be of a compact form, with the bellows situated beneath the hearth, 
and it shocdd be set in a recess in the engine room, where it is always in 
sight ; if stowed away in a dark place, the leather of the bellows will be- 
come mouldy and rotten. The engineer's store closet should be made with 
a glass door, so that any one visiting the engine room ma^ see that the 
various articles in it are well taken care of, and that each is in its right 
place. The whole of the bolts about the engine of the same diameter should 
be made with the same pitch of screw, and the taps and dies supplied to the 
engineer shocdd correspond therewith. Where there is a line of several 
vessels, it is most important that the whole of the engines should be the 
same, so that any one part of one engine may fit all the others. The boilers 
should also be of the same size, though they need not be of the same in- 
ternal structure ; and so soon as a boiler becomes much worn, it should be 
taken out and replaced by another, which is kept in readiness — the worn 
boiler being then thoroughly repaired ashore, and made fit for putting into 
another vessel. This plim is much more economical than that of executing 
heavy boiler repairs on board the vessel ; and the beams above the boiler, 
the coal boxes, and all the boiler attachments, should be so contrived, that 
the boiler may be removed with facility. The firing tools and instruments 
for removing the deposit through the mudhole doors, are usually laid on 
hooks in the engine room, fixed against the side of the ship, and beneath 
these hooks the ash buckets and buckets for quenching the fires may be 
ranged. These buckets shocdd be of strong sheet iron, with rims round 
top and bottom. The lamps used in the coal boxes and for cleaning the 
boilers, may be made of a short piece of malleable iron pipe staved up 
round at the one end, and with a bottom brazed in at the other, and short 
side pipes for the wicks may then be brazed on, which pipes should lead 
to near the bottom of the lamp ; through a small hole in the top, a filling 
pipe should descend to near the bottom of the lamp, which may be furnished 
at the top with a projecting neck, on which a swivelling handle may be 
fixed. The oil is poured through the central pipe, and cannot be spilled 
though the lamp is turned upside down, nor can such a lamp be easily 
broken. The engineer will always require to carry glass gauge tubes with 
him, and the glara tube sockets shocdd be so made that a tube may be put 
in at sea. The cocks connecting the glass tubes with the boiler, should be 
so made as to admit of the tubes being blown through with steam to clear 
them, as in muddy water they will become so much soiled, that it will be 
difficult to see the water. The whole of the articles of engine room furni- 
ture should be entered in a catalogue, and the engineer should be held 
responsible for their safe custody and preservation. The various engine 
room stores required, such as white and red lead, paint and paint oil, paste- 
board, rope yam, emery paper, Bath brick, brooms, shovels, and other 
articles, should all have dieir appropriate places in the store closet and the 
engineer should, for his own satisfiiction, keep an account of the consump- 
tion of them. 

Steam vessels, to work economically, should have large engine power, 
with moderate boiler power ; they should make as much use of sails as 
possible, and in fair winds or fine weather should work very expansively. 
In the case of adverse winds or tides, on the contrary, they should exert 
their full power, as it is only the excess of power possessed by a vessel over 
that requisite to stem an adverse wind or current, that is available for her 
propulsion ; and the greater the power, the less will be the proportionate 
loss from her subjection to such influences. In fair winds, the engineer 
should use such a measure of expansion as will maintain the speed at about 
ten knots per hour ; speeds materially higher than this are only got at a 
great proportionate expenditure of power ; and in the generality of cases, 
the object, when this speed is obtained, should be not to increase the speed, 
but to save the fuel. Sails are far too little used in steam vessels : many 
captains never set them at all ; but every sail unset when the wind is fur, 
involves an expenditure of fuel which might otherwise be saved. The 
resistance opposed to vessels moving through water increases as the square 
of the velocity, and the power requisite to overcome that resistance as the 
cube of the velocity ; so that to double the speed takes eight times the 
power. The centre of pressure of the paddle boards should not move 
much more rapidly than the vessel moves through the water, else there 
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irill be a great loss of power Arom slip, — the power being wasted in forcing 
the water back from the wheel instead of being expended in forcing 
the vessel forward. The proportion of float-board, therefore, or the dip of 
the wheel, is an element of economy in the working of steam vessels, and 
must have reference to the power of the engine and the resistance expe- 
nenced by the vessel Four or five floats are usually immersed in the 
larger class of sea-going vessels ; and with such a dip the engines are not 
subject to injurious fluctuations of speed from the roughness of the sea. 
The power exerted by an engine is of course greater when working fast 
than when working slow ; but if the increased speed be obtained by an 
inadequate float surface, the increased power wUl be more than thrown 
away in churniug the water ; and the result will be an increased consump- 
tion of fuel with a diminished speed, or, in the most favourable case, with 
a speed not increased in anything near the ratio of the increased consump- 
tion of fuel 

The most beneficial amount of float surface having been determined, as 
may easily be done by trying the effect of different degrees of expansion 
if the float surface be too small and by lightening the vessel or hoisting 
sail if it be too large, the floats should be firmly secured in their places; 
but it may be taken as a general rule, that the horizontal speed of the en- 
tering float must be as great as that of the ship, else the entering float will 
carry a sea before it, as is done by the bow, and will impede as well as 
aid the vessel's progress. The steam pipes should be clothed with felt 
and covered with wood, and the cylinders and boilers should also be effec- 
tually clothed, as has been already stated, so as to prevent the dispersion 
of heat, and to keep the engine room cool. Care must be taken that the 
pistons and valves do not leak steam, which would greatly increase the 
consumption of fuel ; and their tightness should be occasionally tested by 
lifting the covers and letting the steam in below the valves and pistons. 
The engineer should assure himself, when getting coals on board, that he 
really receives the quantity professed to be given, and one of the engineers 
should see the whole quantity weighed ; he should also compute the ca- 
pacity of the coal-boxes, as an additional check, and if they hold too much 
he may be tolerably sure that he has not received his quantity. The 
density of coal varies somewhat; the bushel of Welsh coal being 94 lbs., 
while the bushel of Staffordshire coal is only 84 lbs. ; but it is an easy 
thing for the engineer to weigh a vessel of the coal of any given capacity 
in cubic feet, firom whence the weight of any other number of cubic feet 
can readily be determined. On the average, a ton of coal occupies a mea- 
sured ton of stowage. If the coals occupy more than the computed space, 
the inference is that they are badly stowed. Long furnaces are generally 
more extravagant in coal than short ftimaces ; and many cases might be 
mentioned where shortening the furnaces has been attended with an in- 
creased generation of steam, as well as with a saving of fuel A great 
economy, both in fuel and in wages, would be accomplished if marine 
boilers were to be fired by machinery instead <^ by hand, and an important 
benefit to steam navigation would be achieved by the practical introduction 
of this improvement 

The expedients of economy here enumerated will certainly be productive 
of important results if effectually carried into practice, yet we should not 
be disposed to trust implicitly to these or any other recipes, but would seek 
to enlist the interests of the engineer and caption in the success of any 
projected scheme of economy*. We therefore recommend to more general 
adoption the system of givmg the captain and engineer a share in the 
savmgs of coal that they accomplish ; and we should further give the 
engineer a share of any savings in the consumption of oil tallow, or other 
stores, that he can effect We include the captain in the award of the 
savings of fiiel because by his exertions the saving may be materially in- 
creased ; for the engineer's exertions may be in a great measure defeated, 
if the captain neglects to hoist sail or pursues zig-zag courses. It would 
be still preferable, however, for steam companies, if they could contract 
for the miuntenance of the propelling power with some responsible party, 
who would make the development of all measures of increased efficiency 
and economy a business, and would thus be more likely to work them 
effectually out, and who could make the necessary bargains with captains and 
engineers. We believe that companies would derive a similar benefit from 
this arrangement to that experienced by the government, when it let out 
by contract the conveyance of the mails. The expense of every steam 
vessel running would thus be a determinate thing, and the company would 
be able to give its exclusive attention to what is after all its legitimate 
fhnction, — that of increasing its profits, and improving its commercial 
position. The appetite for power and patronage prevailing among the 
managers of companies may defeat, in some cases, such an innovation ; but 
we believe that it will eventually become a general arrangement, and one 
that will be found beneficial to both of the contracting parties. In the case 
of railway locomotion it is already extensively practised, and is found to 
be attended with satis£EU!tory results. 

Management of LocoMonvEfi. 

The most important part of the engine-driver's duty is, the observance 
of signabi, respecting which no ^neral rules can be given, as the systems 
of signals vary upon different railways ; but a strict attention to the signals 
fixed upon, and a constant watchftdness to see that the rail is free from 
obftraction, constitute the most important part of the duty the engine- 



driver has to perform. He should constantly be upon the foot-board of 
the engine, so that the regulator, the whistle, or the reversing handle may 
be used instantly, if necessary. At the same time he must see that the 
level of the water in the boiler is duly maintained, and that the steam is 
kept at a uniform pressure. In feeding the boilers with water, and the 
furnaces with fuel, a good deal of care and some tact are necessary, as 
irregularity in the production of steam will often occasion priming, even 
though the water be maintained at a uniform level ; and an excess of water 
will of itself occasion priming, while a deficiency is a source of obvious 
danger. The engine is generally furnished with three gauge-cocks, and 
water should always come out of the second gauge-cock, and steam out of 
the top one, when the engine is running ; but when the engine is at rest, 
the water in the boiler is rather lower than when it is in motion ; so that 
when the engine is at rest the water will be high enough if it just reaches 
to the middle gauge-cock. The boiler should be well filled with water on 
approaching a station ; as there is then steam to spare, and additional water 
cannot be conveniently supplied when the engine is stationary. The fur- 
nace should be fed with small quantities of fuel at a time, and the feed 
should be turned off just before a fresh supply of fuel is introduced. The 
regulator may at the same time be partially closed, and if the blast-pipe be 
a variable one, it will be expedient to open it widely while the fuel is being 
introduced, to check the rush of air in through the furnace door, and then 
to contract it very much so soon as the furnace door is closed, in order 
sooner to recover the fire. The proper thickness of coke upon the grate 
depends upon the intensity of the draft ; but in heavily loaded engines it is 
usually kept up to the bottom of the fire door. Care, however, must be 
taken that the coke does not reach up to the bottom row of tubes, so as to 
choke them up. The fuel is usually disposed on the grate like a vault, and 
if the fire box be a square one, it is heaped high in the comers, the better 
to maintain the combustion. In starting from a station, and also in 
ascending inclined planes, the feed water is generally shut off; and there- 
fore, before stopping or ascending inclined planes, the boiler should be well 
filled up with water. In descending inclined planes, an extra supply of 
water may be introduced into the boiler, and the fire may be fed, as there 
is at such times a superfluity of steam. In descending inclined planes, the 
regulator must be partly closed ; and it should be entirely closed, if the 
plane be very steep. The same precaution should be observed in the case 
of sharp curves or rough places on the line, and in passing over points and 
crossings. To ascertain whether the pumps are acting weU, the pet-cock 
must be turned, and if any of the valves stick, they wUl sometimes be in- 
duced to act again by working with the pet-cock open, or alternately open 
and shut Should the defect arise from a leakage of steam into the pump, 
which prevents the pump from drawing, opening the pet-cock remedies the 
evil by permitting ihe steam to escape. Should priming occur, from the 
water in the boiler being dirty, a portion of it may be blown out ; and 
should there be much boiling down Uirough the glass gauge tube, the top 
cock may be partially closed. The water should be wholly blown out of 
locomotive boilers three times a week ; and at those times two mud-holes, 
at opposite comers of the boiler, should be opened, and the boiler be 
washed internally by means of a hose. 

On approaching a station, the regulator should be gradually closed, and 
it should be completely shut at about half-a-mile from the station ijf the 
train be a heavy one, and the train may then be brought to rest by meant 
of the breaks. Too much reliance, however, roust not be put upon the 
breaks, as they sometimes give way, and in frosty weather are nearly 
inoperative. In cases of urgency the steam may be thrown upon the 
reverse side of the piston, but it is desirable to obviate this necessity as far 
as possible. At terminal stations the steam should be shut off earlier tlum 
at roadside stations, as a collision will take place at terminal stations if the 
train overshoots the place at which it ought to stop. There should always 
be a good supply of water when the engine stops, but the fire may be 
suffered gradually to burn low towards the conclusion of the journey. So 
soon as the engine stops, it should be wiped down and be then carefully 
examined. The brasses should be tried to see whether they are slack or 
have been heating ; and it should be ascertained occasionally whether the 
wheels are square on their axles, by the application of a gauge, and whether 
the axles have end play, which should be prevented. The stuffing-boxes 
must be tightened, the valve-gear examined, and the eccentrics be occa- 
sionally looked at to see that they have not shifted on the axle, though this 
defect will generally be intimated by the irregular beating of the engine ; 
the tubes should also be examined and cleaned out, and the ashes emptied 
out of the smoke-box through the small ash-door. Jif the engine be a 
six- wheeled one, it will be liable to pitch and oscillaWif too much weight 
be thrown on the driving-wheels, and where such faults are found to exist, 
the weight upon the drivbg-wheols should be diminished. The practice 
of blowiug off the boiler by the steam, as is always done in marine boilers, 
should not be permitted, as a general rule, in locomotive boilers when the 
tubes are of brass and the fire-box of copper ; but where the tubes and fire- 
boxes are of iron, it may safely be done. Before starting on a journey, the 
engine-man should take a summary glance beneath the engine, but ought 
first to assure himself that no other engine is coming up at the time. The 
regulator, when the engine is standing, should be closed and locked, the 
eccentric-rods be fixed out of gear, and the tender break secured down ; 
the cocks of the oil vessels should at the same time be shut, but sliould all 
be opened a short time before the train starts. 
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Most of the accidents attended with loss of life npon railvays have been 
occasioned by persons jumping on or off the train whilst in motion, and 
many cases might be cited of engine drivers and stokers having been killed 
by falling off the engine, — in some cases from the conpling of the engine 
and tender suddenly giving way. The most frequent causes of collision 
are fogs and the absence of a uniformity of time at the different stations 
along the line, in consequence of their difference of longitude. Collisions 
have sometimes occurred fh>m carriages having been blown fh>m a siding 
upon the rails by a high wind ; and the slippery state of the rails or the 
fhtcture of a break, has in some cases caused collision at terminal stations. 
Collision has also taken place fh)m one engine having overtaken another 
in consequence of the imperfect condition of the first enpne from a leaky 
tube or otherwise. When a tube bursts, a wooden or iron plug must be 
driren into each end of it, and if the water or steam be rushing out so 
fiercely that the exact position of the imperfection cannot be discovered, it 
will be advisable to diminish the pressure by increasing the supply of feed 
water. Should the leak be so great that the level of the water in the 
boiler cannot be maintained, it will be expedient to drop the bars and 
quench the fire, so as to preserve the tubes and fire-box fh)m iigury. 
Should the wooden casing of the boiler catch fire, it may be extinguished 
by throwing a few buckets of water upon it, or if the engine is at a station, 
it may be brought under the water crane. Should the piston rod or con- 
necting rod break, or the cutters fidl out or be clipped off, as sometimes 
happens to the piston cutter when the engine is suddenly reversed upon a 
heavy train, the parts should be disconnected if the connection cannot be 
restored, so as to enable one engine to work, and of course the yalve of the 
faulty engine must be kept closed. If one engine has not power enough to 
enable the train to proceed with the blast pipe fiill open, the engine may 
perhaps be able to take on a part of the carriages, or it may run on by 



itself to fetch assistance. The same coarse mnst be pursued if any (^ the 
valve gearing becomes deranged and cannot be rectified npon the spot 

Before leaving a station the engine driver should always assure himself 
that he has the requisite supply of coke and water, and should not trust to 
the attention of the stoker respecting such matters. Besides the firing 
tools and rakes for clearing the tub^ he should have with him in the 
tender a small oil tank and a small tallow chest, a box of waste, some rope 
yam, gasket, canvass, and whitelead ; two small oil casks, an oil syringe, 
spanners, and one shifting key ; a chipping hammer, chipping chisels, and 
a file ; a coal hammer, some wooden and iron plugs, and an iron plug 
holder, a sheet-iron bucket, a screw jack, two crow bars, a chain, and some 
wooden wedges. The whole of these articles should be arranged in the 
tender in suitable places, so that the engine driver may know where to put 
his hand upon any article, and can see at a glance whether any of them is 
missing. A few spare bolts of different sizes should also be carried. To 
economise fuel in locomotives, a variable expansion gear is very desirable, 
which may be adjusted to the load, and the blast pipe must be worked with 
the least possible contraction. At stations the damper should be closed to 
prevent the dissipation of the heat Anthracite has been tried for locomo- 
tives instead of coke, but it crumbles down into a powder, and forms a 
compact mass upon the bars which prevents the admission of an adequate 
supply of air to the furnace. If the area of grate be enlarged, however, it 
appears probable that anthracite may be used if mixed widi coke. Upon 
some railways premiums are given to the engine drivers for economising 
f^L The practice appears to us to be commendable enough, but it should 
be coupled with the publication of the consumption of the locomotives of 
different makers, as no amount of care on the part of the engine drlrer 
will suffice to correct the vices of an imperfect machine. 
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Achilles steamer, boilers of^ 57, 58. 

Air, expansion of, by beat, 25. 

Air leaks, how to detect, 204. 246. 

Air-pump cross-head, table of sizes of, 135 ; roles 
respecting air-pump, 153 ; diameter of, 153. 
215 ; manne engines require larger proportions, 
248 ; power requisite to work, 215. 248; rules 
for various parts of, 153 ; speed for boring, 
215 ; valyes of, 218 ; canvas valves for, 174 ; 
slide valves for, 224 ; metallic packing for, 218 ; 
indicator applied to, 248. 

Air-pump passages, area of^ 154. 215. 

Air-pump rod, table of sizes of, 135; rules for 
strength, 153; materials for, 218. 

Air-pump side rods, table of sizes of, 135 ; rules 
respecting, 153. 

Albion mills, engines o^ 17; valve gearing of, 19. 

American boiler with thin plates and high pres- 
sure, 55, 56. 

American engines, 189. 

Angle iron hoops, tables of circumferences for 
ncilitating construction of boilers, outside, 112; 
inside, 113. 

Anthracite, use of in locomotives, 251. 

Arago, M., futility of his claim on behalf of De 
Cans and Papin to the invention of the steam- 
engme, 1, 2. 

Areas of circles, table of^ 24. 

Armstrong, R., sediment collectors by, 69, 70. 
78, 79, 80. 

Axle, cranked, of locomotives, 236. 

Babbit's lining metal for bushes, 228. 

Back links, 210. 

Balance valves. See Equilibrium Valves. 

Ball valves of locomotives, 235. 

Baptista Porta, 2. 

But>meter, or vacuum guage, 170. 

Beale*s rotatory engine, 186. 

Beam of land engines, to find the vibration of end- 
studs, 209 ; depth of beam at centre, 155. 208, 
209 ; the total depth is equal to the diameter of 
the cylinder, 208; depth of beam at ends, 141. 
208; thickness of beam, 155. 208; studs of^ 
when of cast iron, 208 ; when of wrought iron, 
208. 

Bearings, management of, 246. 

Bearings, spheroidal, advantages of, 220. 236. 250 ; 

Beighton (Henry), improvements introduced 
by, 7. 

Bell metal, 228. 

Black Eagle, direct-action en^nes ot, by Messrs. 
Penn and Son, 181. 

Blasco, de Garay, 3. 

Blowing o£^ amount of heat lost in, 221. 

Blow-off cocks, details of^ 223. 

Blow-off pipes, 223. 

Blythe (Messrs.), piston by, 198. 

Boiler corrosion, 63. 93. 230. 

Boiler explosions, 83; inefficacyof fusible plugs, 
83; advantage of large steam gauge, 83. 198. 
246. 



Boiler incrustations, 83. 245. 

Boiler priming, 83. 234. 245. 250. 

Boilers, marine, should they be of iron or cop- 
per? 83. 

Boilers, proportions and performances of various, 
81. 228. 229. 

Boilers, strength of^ 82. 230 ; experiments of 
Franklin Institute on boilerplates, 82 ; weaken- 
ing effects of rivet holes, 83 ; weakening effect 
of over-heating, 83 ; rule for strength of boilers, 
230. 

Boilers, varieties of : Haystack, 9 ; York build- 
ing waterworks, 1750, 9 ; waggon, simplicity 
and efficiency of^ 46; proper distribution of 
heating sur&ce, 47; area of water level per 
horse power, 48; area of heating surface per 
horse power, 48. 228, 229 ; grate surface per 
horse power, 229 ; square feet of heating sur- 
face per square foot of fire-grate, 229 ; heating 
sur&ce should be arranged to facilitate the 
escape of steam, 229 ; heating sur&ce, Boulton 
and Watt's, 52 — 54 ; tubular with upright 
tubes, 68, 69 ; Butterly, 64 ; French, 54 ; 
Cornish, 55. 70; tubular land, 55. 69 ; Ame- 
rican, 56 ; marine fine, 55, 56, 57, 58, 59, 
60,61, 62. 64, 65. 73, 74, 75, 76, 77, 78; 
marine tubular, 63. 65, 66, 67, 68. 70, 71, 72 ; 
marine, double tier of fhniaces disadvan- 
tageous, 56; the plan saves length of firing 
space, but difficult to fire two tiers effec- 
tually ; coals do not lead so well, or so well 
maintain the trim; steam firom lower fur- 
naces condensed bv striking on bottom of upper 
ashpits ; ashpits mconveniently shallow, 61 ; 
in coasting vessels object should be to get 
furnaces in width of ship, 71 ; long fbmaces 
difficult to fire at sea, 59 ; fire bars should have 
a considerable inclination, so as to keep the back 
end of the grate covered with fuel ; in furnaces 
with two lengths of bars,the centre bearer should 
be double, and a space left between dead-plate 
and bars, 62 ; bridges, if bride, may be made 
with part above bars consisting of two or three 
large fire blocks, which may be lifted away 
to permit entrance into flues, and be replaced 
without expense of building up, 62 ; hanging 
bridges, beneficial effects o^ 65; comparative 
sizes of flue and tubular, 74, 75; details of, 228 
— S31 ; arrangements of plates in, 229 ; tubing 
and staying, 229 ; strength <^ 82. 230 ; method 
of preventing corrosion, 63. 98. 230 ; settbg, 
231 ; locomotive, 231. 

Bolts, proportions of, 226. 

Boring cylinders and air-pumps, 215. 

Borrie's rotatory engine, 186. 

Boulton and Watt, revolving grate by, at Bank of 
England, 52; flimace at victualUng-yard, 
Deptford, 52. 54; direct-action engines of 
Centaur by, 180. 

Bourne's double-power engines, 178.; expansive 
valves, 201. 

Braganza steamer, boilers of, 67. 



Branca (Giovanni), 3. 

Brass, yellow, tough for engine work. 228 1 fbr 

heavy bearings, 228. 
Brazing solders, 228. 
Brine, boiling points of^ 221. 
Brine pumps, 83, 221. 
British Queen steamer, boilers of^ 64, 65 
Brunton's revolving grate, 50. 
Buckle's pneumatic equaliser, 163. 
Bury, Curtis, and Kennedy, boilers b^, 67. 78« 

74, 75 ; direct-action engines of Nimrod by, 

181 ; locomotive engines by, 191 ; locomotive 

piston by, 195. 
Butterly boiler, 54. 
Butts of cross-tail, rule for proportioning, 152. 

Caird and Company, land boiler by, 65, marine 
flue boilers by, 56, 57, 58, 59, 60 ; pistons by, 
198 ; marine engines by, 175 ; land engine by, 
208. 

Cartwright's (Edmund) rotative engine, 1797, 15 ; 
condensation by external cold, 15, 16 ; piston, 
15. 

Case hardening, 227, 228. 

Cast iron, strength of, 25. 27 ; table of strengths 
of different kinds by Mr. Fairbaim, 26 ; rule 
for breaking weight of rectangular bars, 26; 
strength of various mixtures o{ 227 ; strength 
o^ affected by mode of casting, 227. 

Cast steel, cohesive strength of, 27. 

Castings, how to make fine, 227. 

Cataract, early Cornish, 9; modem cataract, 
varieties of, 169. 

Cement, Roman, uses of, 227 ; Coppersmiths, com- 
position o( 227 ; rust 227 ; mastic for setting 
boilers, 230. 

Centaur, engines of^ by Boulton and Watt, 
180. 

Central forces, 32. 

Centre of gravity, 31. 

Centre of gyration, 32. 

Centre of oscillation, 34. 

Centres, main,, strength of, 107. 133. 152. 211, 
212 ; other centres, strength of, 133. 208 ; to 
find distance from main centre to centre of 
cylinder, when length of beam is given ; or, to 
fljid length of beam, where distance between 
main centre and centre of cylinder is given* 
209 ; how to find, in erecting engines, 225. 

Centrifugal force, 32. 

Centripetal force, 32. 

Chanter's (John), smoke-burning flurnaoe, 50. 

Chimneys, ascent of smoke in, 44 ; rule fbr find- 
ing area of^ 45. 108. 109 ; of locomotives, 233; 
of steam vessels, what to do if carried away, 
249. 

City of London steamer, boilers of^ 65 1 engine 
(^175. 

Clegg, rotatory engine o^ 183. 

Clothing boilers and cylinders, saving of fiiel 
{torn, 81. 250. 
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Coal, efficiency of, with various degrees of 
expansion, 81. 

Coal, chemical composition of, 36. 

Coal, relative efficacy of different kinds, 7, 82. 

Cocks, proportions of, 223. 

Cog wheels, 213. 

Coke (is of about the same heating power as coal), 
water evaporated by, 81. 

Cold-water pump, content of, 143. 155. 215. 

Collecting vessels for sediment in boilers, 69 ; 
owe their efficacy to the tranquil state of the 
water within them, when the water outside is 
agitated ; from a collecting vessel within a 
boiler, the deposition may be blown out, 69, 70. 
78, 79, 80; applicability of to locomotives, 
242. 

Collision of bodies, 31. 

Collision of steam vessels, 249. 

Combustion referable to energetic chemical com- 
bination, constituents of coal, smoke, flame, 
effect of refrigeration in checking combustion, 
36 ; spontaneous, of cotton waste, 249. 

Comparative dimensions of flue and tubular ma- 
rine boilers, 74, 75. 

Composition and resolution of forces, 30. 

Condensation by external cold, by Watt, 10 ; by 
Cartwright, 16. 

Condenser usually made of the same capacity as 
the air-pump, but the larger the better ; advan- 
tage of high condenser to enable air-pump to 
drain it, 218 ; disadvantage of putting the main 
centre through condenser, 218. 

Condensing and high-pressure engines, difference 
between, 173. 

Conical pendulum or governor, 34. See Governor. 

Connecting-rod, table of sizes of (malleable iron), 
131 ; rule for strength (cast iron), 152 ; forma- 
tion of, 219 ; to find length o( 225 ; of loco- 
motives, 236. 

Copper, cohesive, strength of, 27. 82 ; &alt8 of 
copper boilers, 83. 

Corde's rotatory engine, 1 88. 

Cornish boiler less effectual than marine boiler 
with same amount of surface, 54 ; Cornish 
boilers at BUckwall Railway, 55 ; at Cubitt's 
factory, 70 ; performance of Cornish boilers, 81. 

Cornish engine, causes of the economy of^ 81 ; 
structure of, 173, 174 ; particulars of perform- 
ance of, 206 ; cylinder cover o( with lantern 
brass, 216. 

Corrosion of boilers, 84. 93. 230. 

Counter, 172. 

Cover on slide-valve requuned to produce a given 
expansion, 90. 

Crank, application of, to steam engines suggested 
by Stewart, 14 ; by Watt, 14 ; patented by Mr. 
Pickard, of Birmingham, 14 ; tiieory of^ 121 — 
124 ; supposed loss of power fh>m use of, erro- 
neous, 122 ; tables of strength of malleable iron 
cranks, 125, 126, 127; tables of strengths of 
cast-iron cranks, 144, 145 ; rules for strengths 
of malleable iron cranks, 150. 152 ; rules for 
strengths of cast-iron cranks, 156, 157; details 
of malleable iron cranks, 219. 

Crank-pin, rule for strength of malleable iron, 
151 ; strength of cast iron, 211 ; details of mal- 
leable iron, and method of preventing heating, 
219 ; plan to be pursued if fractured in steam 
vessels, 249. 

Cranked axle of locomotives, 236. 

Cross-head, table of sizes of, 130 ; rule for strength 
o( 151; details of; 219. 

Cross- tail. 219. 

Cyclops, direct action engines o( by Messrs. Sea- 
ward and Ca, 180. 

Cylinder cover, proportions of gland in, 216; of 
Cornish engine, with lantern brass filled with 
•team, 216 ; stuffing-box of oscillating engine, 
216. 

Cylinder ports. See Steam Ports. 

Cylinders, thickness of metal of, 215 ; composition 
of metal of, 227 ; speed proper for bonng-tool 
in boring, 215 ; pistons should be ground into, 
216 ; method of repairing flaws in, 217 ; of lo- 
comotives, 234. 



Dampers of locomotives, 233. 

De Cans, Solomon, 2. 

Dee steamer, boilers of, 61, 62. 

Delasme*s smoke-burning furnace, 49. 

Der Prussicke Adler steamer, boilers of, 74. 

Dimensions. See Tables and Rules. 

Direct-action engines, represented on folio plate, 
179 ; applied to screw, 224. 

Dircks and Nelson, locomotive piston by, 194. 

Discharge valve-passages, 139. 154. 215. 

Dome, steam of locomotives, 233. 

Don Juan steamer, boilers of, 58 ; piston of, 197. 

Double-acting engine. See Rotative Engine. • 

Double cylinder engines, Homblower's, 13; 
Woolf *s, 173. 175 ; Sims', of Redruth, 205. 

Draught of furnaces must have relation to the 
thickness of the fire, 80 ; question of draft vir- 
tually that of area of fire-^te, 80. 

Dredging-machine, specification of, 175 ; remarks 
upon, 178. 

Dundonald (Earl oO, rotatory engine by, 186. 

Duty of Cornish engines in 1815 and 1843, 171 ; 
rule for computing duty from consumption per 
horse power per hour, 214. 

Eagle steamer, boilers of, 59, 60. 

East Ijondon waterworks, performances of 
boilers at, 81. 

Eccentric invented by Mr. Murdoch, 21 ; details 
of, 219, 220; catches for, 221 ; of locomotives, 
237. 

Eccentric hoop, table of dimensions oi^ 136. 

Eccentric rod, table of dimensions of, 136 ; ex- 
amples of eccentric rods, 213. 220 ; bush for 
notch of, 220 ; of locomotives, 237. 

Eclair, direct-action engines of^ by Messrs. Miller 
and Ravenhill, 180. 

Economy of fuel, how to realise in steam vessels, 
249. 

Effective heating surfiace. See Heating Sur- 
face. 

Engine room of steam vessels, order to be ob- 
served in, 249. 

Engineer, duties of, on board steam vessels, 245. 

Engines. See Steam Engines. 

Equilibrium valve, nature of, 173 ; valves, par- 
tially on equilibrium principle, for pumps, 
174. 

Erection of engines in workshop, 225 ; on board 
ship, 226. 

Evans's smoke-burning furnace, 50. 

Evaporation of water in various boilers by a cwt 
of coal, 81 ; square feet of heating surface per 
cubic foot of water evaporated per hour in 
various boilers, 81. 

Eve's rotatory engine, 185. 

Expansion of air by heat, table of; 25. 

Expansion, general explanation of the principle of, 
12 ; advantage of, in steam engines, 73 ; effects 
of different degrees o^ in different engines, 81 ; 
produced by lap upon the slide valve, and 
computation of the lap requisite for various 
degrees of, 89 ; computation of the gain of 
power produced by, 94 ; analysis of the action 
and effect, 118, 119 ; practical rule for deter- 
mining the increase of efficiency arising from, 
120; variable in locomotives, 238; in steam 
vessels, 249. 

Expansion gear, double beat or equilibrium 
spindle valves, 200 ; expansion gear of West 
India mail steamers, 200 ; of Berenice, 200 ; 
Gonzenbach's, 200; Cabrey's, 200; Fenton's, 
200 ; Mayer's, 200 ; American, 201 ; of Don 
Juan, 201 ; Whitelaw's, 201 ; Bourne's, 201. 

Expedients for regulating velocity, 162. 

Explosions of boilers, 83 ; arise chiefly fW)m un- 
due pressure of the steam or overheating of 
the plates ; plates overheat either from the 
boiler being short of water, or from the im- 
proper configuration of the parts, which retain 
steam that prevents the access of water; bot- 
toms of large flues overheat in this way when 
the flame beats down, and collapse upwards, 
83 ; prevention of, when safety-valve adheres, 
246. 



Fairbaim, rotative engine by, 175; direct action 
engines of Gdin by, 180. 

Falling bodies, laws of, 29, 30. 

Fawcett and Preston (Messrs.), direct-action en- 
gines of Queen by, 181 ; piston by, 196. 

Feed apparatus for land boUers, 198 ; for marine 
engines, 221 ; for locomotives, 235. 

Feed, self-acting, for marine boilers, 222 ; feeding 
engine by Messrs. Penn, 222. 

Feed-pipe, table of diameters, 139 ; rules for, 
154. 

Feed-pump, capacity of; 142. 155. 215 ; water 
requisite for feed, 215 ; details of, 221 ; hand 
feed-pump, 222. 

Fire in steam vessels, modes of extinguishing, 
245. 

Fire-bars, should have a considerable inclination, 
62 ; should not be bound at ends, to leave room 
for expansion, 62 ; of locomotives, 232 ; of 
marine boilers, 245. 

Fire-grate, area of, per horse power, in boilers of 
Great Western, 64. 80 ; coal burned on a square 
foot of fire-grate in various boilers, 81 ; to find 
area of, 107. 229. 

Fires, cleaning of, 246. 

Firing, directions for, 245. 

Flame, nature of, 36. 

Flame bridges, 231. 

Float, for regulation of feed in land boilers, 198 ; 
in marine boilers, 222. 

Flues, to find area in smallest part, 108. 

Fly-wheel, application of, to the steam engine by 
Mr. Watt, 14 ; with a sun and planet wheel 
instead of a crank, a fiy- wheel of one-fourth of 
the weight suffices, 17 ; principle of action of; 
1 65 ; table of diameters of fly-wheels, 147 ; taUe 
of sectional area of fly-wheel rims, 148, 149 ; 
cast-iron fly-wheel shafts, 105. 157. 212; de- 
tails of fly-wheel, 212 ; rule for finding the 
proper quantity of cast-iron in fly-wheel rims, 
212. 

Foot and discharge valve passages, 139. 154. 215. 

Forces, composition and resolution of, 30. 

Forrester and Co. (Messrs.), locomotive piston by, 
194 ; direct-action engines of Helen Macgregor 
by, 180. 

Forth steamer, boilers of; 73. 

Framing of engines, 218 ; of locomotives, 233. 

Franklin Institute, experiments on boiler explo- 
sions by, 82. 

Franklin's smoke-burning furnace, 49. 

French boiler, 54. 

Fuel, economy of, in steam vessels, 73. 249, 250 ; 
efficiency of, in various engines, with different 
degrees of expansion, 81 ; evaporative powers 
of different kinds of, 82. 

Funnel, area of, 108 ; thickness of plates for, 230 ; 
mode of securing, 230 ; height of, 230 ; sab- 
stitutes for, when carried away, 249. 

Furnaces, mouths of, cast-iron in marine boilers, 
radiate an inconvenient quantity of heat, 67. 

Furnaces, smoke-burning, 49 — 53. See Smoke 
Burning. 

Fusible plugs, inutility of, 83. 234. 

Galloway, engine by, 179 ; contrivance for mul- 
tiplying velocity, 179. 

Gauge cocks, 170. 223. 

Gauges, water, 170; of locomotives, 235, 236; 
steam, 170 ; salt, 170. 245 ; vacuum, 170. 

Girdwood and Co., boilers by, 58 ; piston by, 
196. 

Glass tube-gauges, 170. 

Godson's smoke-burning furnace, 51. 

Governor, general explanation of, 18 ; action ot, 
explicable on the principle of the pendulum, 
34 ; motion of conical pendulum may be sup- 
posed to be compounded of motions of two 
common pendulums vibrating at right angles, 
and one revolution of conicfd pendulum per- 
formed in the same time as two vibrations of a 
common pendulum, of which Aie length is 
equal to the vertical height of the point of siis> 
pension above the plane of revolution of the 
balls. All conical pendulums of the same 
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tical height will rerolre in the same time, what- 
eyer be the diameter of the circle in -which the 
halls revolve ; and if the engine be qoickened, 
the balls will expand and diminish the rertical 
height nntil it equals the length of a pendulum 
that will perform two vibrations for every 
revolution of the governor. The weight of the 
balls does not affect the question, as every 
particle acts for itself, 34, 35 ; investigation 
of the action of governors, 167, 168 ; practi- 
cal rule for determining the position of balls, 
168 ; varieties of governors, 169 ; details of, 
214. 

Grate. See Fire-grate. 

Great Western steamer, boilers of, 62, 63, 64. 

Gudgeons, rule for strength of, 211, 212. 

Guides for piston rod, superiority of, to parallel 
motion, 211 ; of locomotives, 235. 

Guppy (Mr.), boilers of Great Western by, 63. 

Hall's condensers, inutility of, 64. 

Harvey and West's valves for pumping-engines, 
174. 

Hawthorne's valve motion, 238. 

Heat, nature of, 35 ; latent, sensible, specific, 35. 

Heating surface of boilers, area of, per horse 
power, 48 ; in boilers of Great Western, 64. 80; 
heating surface per cubic foot, of water eva- 
porated per hour in various boilers, 81 ; heat- 
ing surface per square foot of grate in various 
boilers, 81; effective heating surface, to find 
area of, 229. 

Helen Macgregor, direct action engines of^ by 
Messrs. Forrester and Co., 180. 

Her Majesty steamer, boilers o^ 91, 92. 

Hero of Alexandria, 2. 

Hick (Mr.), vane*{pvemor for steam-engines by, 
169 ; double-cylmder en^es by, 175. 

High'pressure and condensmg engines, difference 
between, 173. 

History of the steam engine, five epochs in : 1st, 
from time of ancients to application of the 
boiler; 2nd, use of a vacuum; 3rd, application 
of the cylinder ; 4th, condensation by injection ; 
5th, improvements of Watt, 1—23. Hero of 
Alexandria : pneumatic mechanisms described 
in his Spirittdia; .£olipile similar to Avery's 
engine, 2. Baptista Porta: treatise on pneu- 
matics ; description of a method of emptying a 
vessel of water by steam; solar fountain, 2. 
Giovanni Branca : engine formed like a water- 
wheel, the steam spouting against the floats ; 
similar to the engines of Corde and Pilbrow, 
3. 188, 189. Blasco de Garay : trial of his 
steam vessel in 1543, before Charles V. of Spiun. 
Marquis of Worcester : in "Century of Inven« 
tions" describes the first steam engine for raising 
water ; one of these engines, set up at Vaux- 
hall, and seen there by Cosmo de Medici in 
1653, operated more efficiently than the horse 
engines, 3. Captain Thomas Savery; work 
called the Miner's Friend, published in 1702, 
describing his engine, which had been patented 
in 1698; extract from the Miner's Friend; 
great merits of Savery as an inventor ; probably 
re-invented the Marquis of Worcester's engine. 
Otto Guericke, 5. Deny s Papin : proposed to pro- 
duce the vacuum for Guericke's piston and cylin- 
der arrangement by means of steam ; abandoned 
his plan in &vour of Savery *s ; a man of much in- 
genuity, but unable to work h's inventions out, 

6. Thomas Newcomen: introduced the first 
cylinder engine, with the view of dispensing 
with high-pressure steam ; accidental discovery 
of the method of condensing by iigection, 6, 7. 
Humphrey Potter ; first worked the valve by 
the engine, 7. Henry Beighton: improvements 
mtroduced by, 7. Lenpold, description of high- 
pressure engine by, in Tluatntm Machinarum^ 

7. Brindley, introduction by, of float in boiler 
to regulate the feed, 7. Improvements by Smea- 
ton (see Smeaton). Improvements by Watt 
(tee Watt). 

Holding-down bolts, 226. 

Hoops, lengths of iron suitable for, 112, 113. 
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Homblower (Jonathan), double-cylinder engine, 

13 ; rotatory engine, 183. 
Horse-power, table of nominal, 96, 07 ; rule for 

computing nominal, 107 ; table oif, 214 ; actual 

horse power, how to ascertmn by indicator, 

247. 
Horton and Sons, boilers by, 70. 72. 
Hosking (Mr.), engine at Vauxhall waterworks 

by, 173. 
Hyperbolic logarithms, table of, 25. 

Incrustation of boilers, 83. 145. 

Indicator, purpose of, 170; structure of, 171 ; me- 
thod of using, 171 ; continuous indicator, 171 ; 
how to ascertain horse power by, 247 ; applied 
to air-pump, 247, 248. 

Infernal steamer (now Eclair), boilers of, 71, 
72. 

Iigection, accidental discovery of method of con- 
densing by injection, 6, 7 ; water requisite for 
iEJection, 215 ; area of injection orifice, 215 ; 
area of injection pipe, 139. 154; content of cold- 
water pump to lift water for iijection, 155. 215; 
injection from bilge, 218. 

Injection cocks, details of, 223. 

Injection pipes, 223. 

Iron, cast, strength of, 25, 26, 27. 227. 

Iron, malleable, strength of, 25. 27. 105. 226. 

Ivison's smoke-burning apparatus, 50. 

Jacket for cylinder, advantage from use o£ 173. 

Jeffrey's smoke-burning furnace, 50. 

Joints, pasteboard, how to make, 203. 205 ; putty 
for soft joints, 204 ; rust joints, objections to, 
on sole-plate, 218 ; how to make, 227 ; joints 
with wire gauze and red lead, 227. 

Jnckes' (John), smoke-burning furnace, 50. 

Kingston's valve, 223. 

Lantern brass stuffing-boxes, 173. 

Lap on slide valve* required to produce a given 
expansion, 90. 226. 

Latent heat, 35. 

Lenpold, description of high-presinre engine by, 
7. 

Links, back, sectional area of, 200. 

Links, main, sectional area of, 209. 

Locomotive engines, dimensions of parts of^ 114, 
115 ; rules for proportioning, 158 — 160 ; struc- 
ture of, 191, 192 ; details of, 231 ; general fea- 
tures of boiler, 231 ; fire-box, 232 ; fire-grate, 
232 ; ash-box, 232 ; tubes, smoke-box, chimney, 
dampers, wire-bonnet, cinder plate, 233 ; fram- 
ing, steam dome, steam pipes, 233 ; regulator, 
safety valves, fusible plugs, lead plug in fbmace 
crown, cylinders, 234 ; valves, piston rods, 
piston guides, feed apparatus, ball valves, water 
gauges, 235 ; wheels, merits of four and six- 
wheeled engines, new arrangements of engines 
and tender, cranked axle, connecting rod, 236 ; 
eccentrics, eccentric rod, valve motions, Pau- 
wel's valve motion, Stephenson's link motion, 
MeUing^s motion. Hawthorn's, variable expan- 
sion gear, 237, 238 ; how to set the valves of 
locomotives, 239, 240; traction on railways, 
friction, resistance of atmosphere, adhesion of 
wheels, weight and cost of locomotives, 241 ; 
dimensions of locomotives, economy of fuel, 
prevention of scale, 242. 

Logarithms, hyperbolic, table of) 25. 

Losh's smoke-burning furnace, 49. 

Main beam of land engines, table of depth of, at 
centre, when the pressure is below that of the 
atmosphere, 140 ; when above that, 209 ; depth 
of beam at ends, 141. 208, 209 ; vibration of 
end-studs, 209. 

Main centre, 107 ; table of sizes o^ 133 ; mles for, 
152.211.212. 

Main links, 209. 

Management of engines: of pmnping engines, 
203 ; of rotative and marine engines, chief 
duty of steam boat engineer, method of pre- 
venting the formation c^ scale in boilers, how 
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to make a salt gange, firing, fire-bars, what to 
do when short of steam, throttle valve, priming, 
245 ; what to do if water gets low in boiler 
what to do if safety valve adheres to its seat, 
cleaning of fires, management of bearings, how 
to detect air leaks, 246 ; how to ascertain power 
of engines by indicator, indicator applied to 
the air-pump, 247, 248 ; what to do if vessel 
springs a leak, 248 ; what to do in case of fire, 
spontaneous combustion of cotton waste, what 
to do in cases of dangerous collision, what to 
do if funnel is carried away, if crank pin breaks, 
if valve gear is deranged, if cranks or shafts or 
side levers crack, order to be observed in engine 
room, arrangement of spare gear, arrangement 
of spanners, oil-cans, and lamps, engineer's 
store closet, oil tank and tallow chest, stores, 
249 ; economy of fuel, how to work steam 
vessels with economy, 249, 250 ; of locomotive 
engines, observance of signals, maintenance of 
water level, keeping steam at uniform pressure, 
use of pet cock in feed pump, priming, proce- 
dure on approaching a station, trying if wheels 
are fair on axles, advantage of spheroidal 
bearings, danger of blowing -off by pressure of 
steam with copper fire-box, 250; causes of 
railway collisions, procedure when a tube 
bursts, when derangement of various parts of 
engine occurs, fbmiture of tender, use of an- 
thracite in locomotives, 251. 

Manufacture of engines, best situation for an 
engine factory, provincial fectories should be 
represented in the metropolis, how to make 
manufacture profitable, general description of a 
well arranged factory, 243 ; plan on which the 
work should be conducted, participation in the 
profits by the workmen employed, 244. 

Marine engines; dimensions of Maudslay and 
Field's, HI; of Messrs. Seaward and Ca's, 
111 ; formulffi for various dimensions, 106, 107 ; 
rules for dimensions, {see Rules) ; peculiar fea- 
tures of, 175; details of, 215 — 231; manage- 
ment of, 245—250. 

Marquis of Worcester describes in his ** Century 
of Inventions" the first steam engine, 3 ; one 
of his engines seen at work by C^mo de Me- 
dici, 3. 

Matter, definitions and properties of^ 27. 

Maudslay, Sons, and Field, boilers at Blackwall 
Railway by, 55 ; marine boilers by, 60, 61, 62, 
63. 76, 77, 78 ; dimensions of principal parts of 
their marine engines, HI; rotative land engine 
by, 174; direct-action engines of Retribution 
by, 180 ; piston by, 198 ; piston valve by, 198. 

Maxton (Messrs.), pistons by, 193. 196. 

Medway, steamer, boilers of, 60, 61 ; piston of^ 
198. 

Melling's valve motion, 238. 

Miller, Ravenhill, and Ca, boilers by, 66. 71, 72 ; 
piston by, 197 ; direct-action engines of Eclair 
by, 180. 

Millions of pounds raised one foot high* See 
Duty. 

Motion, laws of, 27, 28, 29, 30 ; of elasdc fluids, 
43 ; uf steam in an engine, 44. 

Moult's smoke-burning furnace, 49. 

Muntz's metaU 228. 

Murdoch, valve gearing by, 19 ; merits of, 
22. 

Murray's contrivance for admitting air to fur- 
naces, 49. 

Napier (David), boiler by, 67 j direct-action en- 
gines of Fawn by, 180. 
Napier (Robert), boiler by, 64, 65 ; engines by 

175; pistons by, 197. 
Nasmyth (Messrs.), and Ca, locomotive piston 

by, 195. 
Newcomen (Thomas), merits of engme by, 6 ; 

accidental discovery of the condensation by 

jet, 7. 
Nimrod, direct-action engines o^ by Messrs. 

Bury, Curtis, and Kennedy, 181. 
Nominal horse-power tables o^ 96, 97 214 ; mle 

for, 107. 
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Ocean steamer, boilers of, 72. 

Odin, direct-action engines of, by Messrs. Fair- 
bairn and Co., 180. 

Oil cnps, self-feeding, 226. 

Oscillating engine, advantages of, 181, 182; 
cylinder stuffing-box of, 216; valve gear of, 
224 ; trunnions of, 224 ; details of, 224. 

Otto Guericke*s, cylinder and piston for shoTriug 
the pressure of the atmosphere, 5. 

Paddle-shafts malleable iron, tables of dimensions 
of, 128, 129 ; how to find position of centre 
of; 225. 

Paddle-wheels, 177; details of, 219 ; methods of 
disengaging, 220. 

Pambour, experiments on evaporation in locomo- 
tive boilers by, 81. 

Papin (Denys) proposed to use 6uericke*s cylinder 
and piston, but abandoned his plan in &vour of 
Savery's, 6; a man of much ingenuity, but 
incapable of putting his conceptions into a 
practical form, 6; smoke-burning furnace 
by, 49. 

Parallel motion, general explanation of, 17, 18 ; 
investigation of the proper proportions of the 
parts of, 95. 98, 99 ; practical rules for de- 
termining the lengths of the parts of, 100; 
table of strengths of parts of, 136 ; examples 
of, 210 ; inferiority of, to guides, 211 ; varieties 
of, 215; White's, 215 ; how to set, 210. 225 ; 
motion shaft, how to find centre of; 225 ; lengths 
of rods of, 225. 

Parkes (Josiah), experiments on boilers by, 81 ; 
blunders in his investigation respecting loco- 
motives, 82. 

Pauwel's valve motion, 237. 

Pendulums, action of, 33 ; conical or governor, 34. 

Penn, direct-action engines of Black Eagle by, 
181 ; merits of his oscillating engine, 181, 182 ; 
piston by, 198. 216. 

Performances of boilers, 81 ; of Cornish engines, 
206. 

Phcenix steam vessel, boilers of, 56, 57. 

Pickard (Mr.), of Birmingham, patent for crank 
hy, 14. 

Pilbrow's rotatory engine, 188, 189. 

Pipes: steam, 84, 85. 93. 138. 154. 223 ; injection, 
223 ; biow-ofip; 223 ; method of attaching pipes 
to iron ships, 223 ; steam pipes of locomotives, 
233. 

mston, speed of, 128 times the ^ube root of the 
stroke, 107. 214 ; table of speeds of, at different 
powers, 214. 

Piston-rod, table of sizes of, 130 ; rule for strength 
of, 151. 209 ; should be of steel, 227 ; method 
of fixing into cross-head, 216 ; locomotive pis- 
ton-rods and guides, 235. 

Pistons: Cartwright*s metallic, 15; Maxton's, 
193. 196 ; Forrester's locomotive, 194 ; Dircks 
and Nelson's, 194; Bury, Curtis, and Kennedy's, 
195 ; Robert Stephenson and Co.*s, 195 ; Liver- 
pool and Manchester Railway, 195; Great 
Western Railway, 195 ; South Western Rail- 
way, 195 ; Glasgow and Ayr Railway, 195 ; 
Nasmyth and Co.'s, 195 ; Girdwood and Co.'s, 
196, 197; Fawcett and Preston's, 196; R. 
Napier's, 197 ; Seaward's, 197 ; Miller, Ravenhill, 
and Co.*8, 197 ; Maudslay, Sons, and Field's, 198 ; 
Scott, Sinclair, and Co.'s, 198 ; Caird and Co.'s, 
198 ; Blythe's, 198 ; Fairbaim's, 198 ; Penn's, 
198. 216. 

Pistons, how to pack, 203. 

Plugs, fusible, 83. 234. 

Ports of cylinder, table of area of, 137 ; rule for, 
154; locomotive ports, 158. 235. 241. 

Potter (Humphrey), 7. 

Power. See Horse Power. 

Power, expedients for ascertaining the, of an 
engine, 170, 171. 

Power, supposed loss of, from crank and recipro- 
cation, erroneous, 122. 174. 

Pressure of steam at different temperatures, 23. 
See Steam. 

Prichard's contrivance for admitting air to fur- 
naces, 49. 
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Priming of boilers, 83. 234. 245. 25a 

Proportions of boilers, 81. 228, 229. 

Pump, cold-water, 143. 

Pump, feed, 142. 

Pump valves, 174. 

Pumping, or single-acting engines, 8. 10. 13. 
173, 174 : setting out the engine house, 
foundations, method of building lever wall, 
spring beams, 202 ; erecting the engine, mak- 
ing the joints, packing the piston, management 
of the engine, 203, 204 ; management of the 
fire, 204 ; valve gearing of, at Chelsea water- 
works, 205; Sims' double cylinder engine, 
205 ; valve gear of engine at Vauxhall water- 
works, 205, 206 ; advantages of the plunger- 
pump, except for the lowest lift which is made 
by a lifting-pump, so that the valves may 
not be inaccessible if the water accumulates 
in the mine, 206 ; great weight of pump-rods in 
Cornish engines, 206 ; performances of Cornish 
engines, 206. 

Putty for soft joints, 204. 

Queen steamer, boilers of, by Messrs Rennie, 68 ; 
direct-action engines of, by Messrs. Fawcett, 
Preston and Company, 181. 

Reciprocation of engines, no loss of power firom, 

173, 174. 
Regulator, steam, of locomotives, 234. 
Rennie (Messrs.), boilers by, 68, 69 ; Cornish, 70; 

direct-action engines of Sampson, 180. 
Retribution steamer, boilers of, 76, 77, 78 ; en- 
gines of, 130. 
Revolving grate. Steel's, 50; Brunton's, 50; 
Boulton and Watt's, 52, 53 ; applicability of to 
marine boilers, 70. 
Rods of locomotive pistons, 235; connecting, 

237 ; eccentric, 237. 
Rotatory from reciprocating motion, projects for 

obtaining, 14. 
Rotative engine, 14, 15, 16, 17 ; by Maudslay 
and Field, 174; by Fairbaim, 175; by Caird, 
details of, 208 ; main beam and centres, 208 ; 
piston-rod cross-head, 209 ; main links, 209 ; 
parallel motions, 210 ; connecting-rod, 211 ; 
fly-wheel, 212; fly-wheel shaft, and crank, 
213; eccentric rod, 213; governor, 214; ma- 
nagement of, 245. 
Rotatory steam engine, iE^lipile of Hero, and 
Avery's engine, 2 ; Branca's steam wheel and 
Pilbrow's and Corde's steam wheels, 3. 188, 
189 ; Watt's, operating by a column of mercury, 
16 ; Watt's, operating by efflux of water, or 
steam turbine, 17 ; investigation of the action 
of rotatory engines, 123 ; rotatory engines by 
Hornblower, 183; Clegg, 183 ; Turner, 184; 
Eve, 185, 186 ; Beale, 186 ; Dundonald ; 186 ; 
Borrie, 186 ; Woods, 187 ; Yule, 188, Corde, 
188 ; Pilbrow, 188, 189. 
Royal Consort, steam boilers of, 91, 92. 
Rules pertaining to proportion — 

Governor, to find the proper time of revolu- 
tion, 34 ; to determine position of the balls, 
34. 168. 
Steam, to find the elastic force, the temperature 
being given, 39. 
to find the temperature, the elastic force 
being given, 40. 
Surcharged steam or gas, to find the volume at 
different temperatures, the pressure being 
constant, 42 ; computation of the economy 
fk-om the use of, 93, 94. 
Steam pipe, to find diameter of, 85. 154. 215. 

241. 
Foot and delivery valves, to find area through, 

215. 
Slide valve, to find how much lap must be given 
to produce a given expansion, and con- 
versely, 89. 
to find how much before the end of the stroke 
the exhaustion passage will be closed, 89. 
to find at what period of the stroke the steam 
escapes to the condenser, 89. 



Parallel motion, to find the proportions of the 
various parts in various kinds of motions, 
100, 101. 
Fire-grate, to find area of, 107. 229. 
Effective heating surface, to find area of, 229. 
Flues, to find area uf, in smallest part, 108* 
Chimney, to find area of, 45. 108, 109. 
Water in boiler, to find the right quantity in 

cubic feet, 109. 
Area of water level, to find the right, in 

square feet, 109. 
Steam room, to find the proper, in cubic feet, 

109. 
Air-pump, diameter of, 153. 215 ; power requi- 
site to work, 215. 248 ; air-pump passages, 
154. 215 
The air-pump is made larger than one-eighth 
of the capacity of the cylinder in marine engines, 
on account of their irregularity of motion, 248. 
Safety-valves, 154. 198 ; the proportions given 
at 154. are rather small, except for high 
pressures. 
Working-beams, to find the vibration of end 

studs, 209. 
Feed, water requisite for, 216. 
Feed pipe, to find the area of, 154. 
Feed pump, or hot- water pump, 154. 215. 
Injection, water requisite for, 215 ; area of 

orifice, 215 ; cold-water pump, 155. 215. 
Centres, to find the distance from main centre 

to centre of cylinder, 209. 
Hoops, to find the length of bar for forming, 
112. 
to find the length of angle iron for, with 

flange outside, 112. 
to find the length of angle iron for, with 
flange inside, 1 1 3. 
Steam ports of cylinder, area of, 77. 84, 85. 

154. 157. 241. 
Waste steam-pipe, to find the diameter of, 154. 

215. 
Foot and discharge valve passages, area o^ 

154. 215. 
Waste water-pipe, to find the diameter o^ 

154. 
Injection-pipe, to find the area of, 154. 
Cold-water pump, 155. 215. 
Rules pertaining to strengths — 
Marine engines, parts of crank, 150. 152. 
parts of paddle-shafts, 151. 
crank-pin, 151. 
cross- head, 151. 
piston-rod, 151. 

cross-head gibs and cutters, 151. 
piston-cutter, J 52. 
connecting-rod, 152. 
cross-tail butts, 152. 
cross-tail butt straps, 152. 
cross-tail butt gibs and cutters, 152. 
side-rods, 152. 
side-rod straps, 152. 
side-rod cutters, 152. 
main centre, 152. 
side lever- studs, 152. 
side lever, 153. 
air-pump cross-head, 153. 
air-pump rod, when copper, or Montz's 

metal, 153. 
air-pump rod cutters, 153. 
air-pump side rods, 153. 
air-pump side rod straps and cutters, 153. 
Land engines, depth of beam at centre, 208, 
209. 155. The proportions given by the 
rules at 155 are too light if the pressure 
be above the atmosphere, 
depth of beam at ends, 208, 209. 155. 
thickness of beam, 208. 155. 
diameter of end- studs when cast-iron, 208. 
diameter of gudgeons, 211, 212. 
diameter of end-studs when wrought-iron, 

208. 
sectional area of piston-rod, 209. 
sectional area of main links, 209. 
sectional area of back links, 210. 
cast-iron cranks, 156, 157. 



•ectional trea of cut-iron eonneedsg-rod, 

211. 
caBt-iron crank-pinfl, 211. 
cast-iron fly-wheel shafts, 157. 212. 
fly-wheels, 158. 212. 
teeth of wheels, 213. 
Rales respecting locomotives — 
Ports, boiler, safety valve, chimney, fire-grate, 
158.241 ; heating siir&ce,water level, steam 
room, steam pipe, blast pipe, 159. 241 ; pis- 
ton rod, connecting rod, ontside and inside 
bearings, crank axle, 160. 241. 
[We do not attach the same value to the roles 
for locomotives as to those for marine and land 
en^es, as locomotives are more in a transition 
state ; and even while this work is passing through 
the press, some of the dimensions we have given 
are becoming antiquated, from the establishment 
of express trains and other circumstances]. 
Rust joints, how to make, 227. 

Safety-valves, theoretical investigation respecting, 
86, 87. 138. 154. 198. The sizes given at 154 
are rather smaller than usual : the larger the 
safety-valves are, the less is the danger of ad- 
hesion. Locomotive safety-valves, 158. 198. 
234 ; French rule for dimensions of^ 230 ; ad- 
hesion of, 246. 

Salt gauge, 170 ; how to make, 245. 

Sampson, direct-action engines of^ by Messrs. 
Rennie, 180. 

Samuda, bell-crank engine by, 179. 

Savery (Captain Thomas), engine by, for raising 
water, 4 ; great merits of, as an inventor, 5. 

Scale of boilers, 83 ; how to prevent formation 
of, 245. 

Scaling of boilers, 84. 

Scott, Sinclair, and Co., marine boilers by, 56, 57. 
61, 62. 66 ; direct-action engines by, iso ; pis- 
tons by, 193. 

Screw-propeller, 178; engines for direct applica- 
tion to, 224. 

Seaward and Co., dimensions of marine engines 
by. 111; direct-action engines of Cyclops by, 
180; piston by, 197. 

Sediment collectors, 69, 70. 78, 79, 80. See Col- 
lecting Vessels. 

Sensible heat, 35. 

Shafts, fly-wheel, of cast iron 157. 212 ; example 
of, 213. 

Shafts, paddle, table of dimensions of, 126^129 ; 
rules for, 151 ; details of, 219. 

Side levers, table of sizes of, 1 33, 1 34 ; details of, 2 1 9. 

Side rods, table of sizes of, 133 ; rules for, 152 ; 
details of, 219. 

Single acting, or pumping engine. See Pumping 
Engine. 

Slide- valve, 87 — ^91 ; practical role for lap, &c, 
89 ; table of strength of gear, 136 ; three-ported, 
199; long D, 199; short D, 199 ; piston valve 
with skewed ports, 199; equilibrium slide by 
Rennie and Penn, 199, 200; faces, 217; ex- 
pansion slides. See Expansion Gear. 

Slide-valve, how to set, 225. 238. 

Smeaton, imperfect success of his first engine, 
and the candour of a great mind respecting it, 
7 ; experimental engine at Austhorpe, con- 
sumption of coal by, 7 ; relative efficacy of dif- 
ferent kinds of coal, 7 ; Long Benton and 
Chase Waterenfrines8; various improvements 
in steam en^^ines by Smeaton, 8 ; performance 
of his en;;inc8 — haystack boiler, 8, 9. 

Smith's snu>ke-\)urning furnace, 51. 

Smoke, nature of, 36. 

Smoke box. 233. 

Smoke-burninp, 37, 38. 

Smoke-burn in;r furnaces : Papin*s, Delasme*s, 
Franklin's, Watt's, Thompson's, Murray's, and 
Pritchanrs contrivances for regulatmg the 
admission of air. Williams*, Moult's, Losh's, 
AValker's, 49 ; Steel's, Brunton's, Stanley's, 
Jeffrey's, Evans'. Ivison's, Chanter's, Juckes', 
50 ; Wadtiington's, Smith's, Godson's, 51 ; 
Boulton and Watt's at victualling-yard and 
Bank of England, 53> 53. 
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Sole-plate and condenser, 218. 

Solway steamer, boilers of, 61, 62. 

Southern (Mr.), experiments on tempentnre and 
elastic force of steam, by, 38, 39. 

Spare gear, how to preserve, 226; arrangement 
of, 249. 

Specific heat, 35. 

Speculum metal, 228. 

Spontaneous combustion, 249. 

Stanley's fire-feeder, 50. 

Starting-gear, varieties, of, 221. 

Staying of boilers, 68. 83. 230, 23L 

Steam engine : Hero's, 2 ; Branca'i, S ; De Garay's, 
3 ; Marquis of Worcester's, 3 ; Savery's 4, 5 ; 
Papin's, 6 ; Newcomen's, 6, 7 ; Beighton's, 7 ; 
Leupold's, 7 ; Smeaton's, 8 ; Watt's 10 — 22 ; 
Homblower's, 13; Thompson's, 15; Sherratt's, 
15; Cartwright's, 15; Albion mills rotative 
engine by Watt, 17 ; sector engine by Watt, 18 ; 
trunk engine by Watt, 18; locomotive engine 
by Watt, 18; losses by present steam engine, 
93 ; theory of {see Theory) ; varieties of, 173; 
condensing and high-pressure, 173 ; pumping, 
173; rotative, 174 ; marine, 175 ; rotatory, 182 ; 
American, 190 ; locomotive, 191 ; method of 
erecting in workshop, 225; on board-ship, 
226; details of, 202. 

Steam engines: management of pumping, 203; 
rotative and marine, 245 — 250; locomotive, 
250, 251. 

Steam engine, manufacture of, 243, 244. 

Steam engine, rotatory, 182. See Rotatory. 

Steam dome of locomotives, 233. 

Steam, expansion of. See Expansion. 

Steam, remedies for insufficiency of^ 245. 

Steam guage, 170. 

Steam hammer by Watt, 18. 

Steam jacket, advantage fh>m nse of, 173. 
215. 

Steam pipes, area of, 84, 85 ; table of, 138. 154 ; 
best material for, 93: details o^ 223; steam 
pipes of locomotives, 233. 

Steam ports and passages, area of, 77. 84, 85 ; table 
of area of, 137. 

Steam regulator of locomotives, 234. 

Steam room per horse power in boilers of Great 
Western, 64; to find the right quantity in 
cubic feet, 109. 

Steam surcharged, 42. 93. 

Steam, table of pressure of^ at different tempera- 
tures, 23 ; table of temperature of^ at different 
pressures, 23 ; formule for temperature and 
elastic force, 38—42 ; mechanical effect of, 120. 

Steam vessels, economy in working, promoted by 
large power with small boilers, whereby in ad- 
verse winds and tides the full pressure may be 
used, and expansion to be used in favourable 
winds or in calms, 73. 

Steamers on the Mississippi, 189. 

Steel, cohesive strength of, 27 ; method of making, 
227 ; tempering of, 228 ; softening of^ 228 ; re- 
covering, when burnt, 228. 

Steel's revolving grate, 50. 

Stephenson (R. and Co.), locomotive engines by, 
192 ; locomotive piston by, 195 ; link motion 
by, 238. 

Stevenson (Mr.), account of the steamers on Mis- 
sissippi, by, 189. 

Store closets and engine stores in steam vessels, 
249. 

Strains and strengths, 101 — 107. 

Strength : of materials, 25, 26, 27 ; of boilers, 82, 
83 ; rules for, 230 ; of parts of engines, 106, 
1(»7 (see Tables and Rules); of cast iron. See 
Cast Iron. 

Studs of side lever, table of sizes of, 133 ; rules 
respecting, 153. 

Stuffing-box, proportions of, 216; with lantern 
brass, 173. 216; of oscillating engine, 216; 
with metallic packing, 216 ; with sheet brass, 
packed behind with hemp, 216. 

Sun and planet wheels, 1 7. 

Surcharged steam, rule for computing volume of, 
42. 93. 

Sydenham steamer, boilers of, 65- 
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Tables, miscellaneoofl:— 

Pressure of steam at different temperatures, 

&c, 23. 
Areas of circles, 24. 
Expansion of air by heat, 25. 
Hyperbolic logarithms, 25. 
Strengths of iron and other metals, 2^, 26, 

27. 
Motion of fidling bodies, 29. 
Power of vanous kinds of coal, 82. 
Strengths of iron and copper boiler plates, 

by Franklin Institute, 82. 
Circumferences for angle iron hoops, 112, 
113. 
Tables, practical: — 

Proportions and performances of various 

boilers, 81. 
Efficiency of fuel with various degrees of 

expansion, 81. 
I^p on slide-valve required to produce a 

given expansion, 90. 
Nominal horse-power, 96, 97. 214. 
Dimensions of Maudslay's marine engines, 

111. 
Dimensions of Seaward's marine engines, 

HI. 
Dimensions of locomotives, 114, 115. 
Marine engines : — 
Crank (malleable iron), breadth of web of^ 
at paddle centre, 125; thickness of largo 
eye of, 126 ; thickness of web of, at pad(Ue 
centre, 127. 
Paddle-shaft (malleable iron), diameter of 

journal, 128. 
Length of journal, 129. 
Dimensions of cross-head, piston-rod, and 

connecting-rod, 130, 131. 
Various ratios and dimensions, 132. 
Side lever (cast iron), depth at centre, 134. 
Side-rods, side-lever, and lever-studs, 133. 
Air-pump rod (copper), and cross-head, 135. 
Valve gearing and parallel motion, 136. 
Area of steam port, 137. 
Areas of pipes, passages, and valves, 138, 
139. 
Land engines: — 
Depth of main beam (cast iron) at centre, 
140. The dimensions here given are too 
light if the pressure be above the atmo- 
sphere. 
Depth of main beam at ends, 141. 
Content of feed pump, 142. 
Content of cold-water pump, 143. 
Thickness of large eye of crank (cast iron), 

144. 
Breadth of crank at centre of fiy-wheel shaft, 

145. 
Diameter of fiy-wheel, 147. 
Sectional area of fly-wheel rim, 148, 149. 
Tables, explanation of, 150 — 158. 
Tagus steamer, boilers of, 66. 
Tay steamer, engines of, 175. 
Teeth of wheels, proportions and strengths of, 

213. 
Temperature of steam at different pressures, 23. 
Tenders of locomotives, 236. 
Teviot steamer, engines of, 175. 
Thames steamer, boilers of, 60, 61 ; piston of, 

198. 
Theory of the steam engine, formula; for tem- 
perature and elastic force of steam, 38 — 42 ; 
surcharged steam, 42. 93; motion of elastic 
fluids, of steam in pipes, and air in chimneys, 
43, 44, 45 ; area of steam passages, 77. 84 ; 
loss of heat from steam pipes, 85 ; dimensions 
of orifice in boilers requisite to enable steam to 
escape for safety, 86, 87 ; action of slide-valve, 
87 — 91 ; expansion, 12. 94. 118, 119 ; parallel 
motion, 95. 98, 99, 100 ; strengths, 101—107 ; 
theory of the crank, 121, 122, 123, 124 ; prin- 
ciple of action of the fly-wheel, 165; principle 
of operation of the governor, 166, 167, 168; 
water requisite for feed and condensation, 215. 
Thompson (Francis), double cylinder atmospherie 
engine of 15. 

S S 



If 



ThampioD (Willitm), imoke-baming faraace of| 

4i. 
Throttle tbItc, 18 ; effect of psrtly closing, Sis, 
Tod acd Macgrcgor, boilcra by, 91, 93 ; direct- 

Bctlon engineB by, 179. 
Trent and Iiig Bteamers, piston ot^ 197. 
TraDaioni of oiriUaluig engines, 224. 
Tabes for boilers, rtlaiiTe merits of imn uid 

bnn, 84 1 fixing and feraling, 229 ; locnmotive, 

S33. 
Tubular hoilera, S3. 65, 66, 6T, 6S, 69, 70, 71, 

72. See Boilers. 
Tubular boiler* with apright tabes, G8, 69. 
Tnrner, rotatory eogine by, 184. 
Tireed steamer, engines of, ITS. 

Onicom itestner, boilers of, 98, 59. 

Vacaoni gauges, 170. 

Valve casings shonld have bacet joints, 317. 

Valve gearing of Watt's single-acting engine, 
1 1 1 of engine iritb piston rising ia vacuo, 1 1 ; 
of Albion mills, 19 ; Murdoch's, 19 ; of Cor- 
nish engine, 173 i of oacillaling engine, 224 ; of 
locomatiies, 237, 23B ; what to do if deranged, 
2S1. 

Valves, air pnmp, of canvasi, 1 74 ; area through, 
SIS; details of, 217. 

Valves, equilibrium, nature o^ 173. 

Valves, injection. 3S3. 

Valvei, Kingston's, S23. 

Valve* of locomotive*. 198. 234, 239; steam 
valves, hoir to set, S39, 340. 

Valves, pump, 174. 222. 

Valves, safety, theoretical investigation relpeeUng, 
86, 87. 13B. 154. 198. See Safety-valves. 

Valves, slide, investigation of the action of, 87, 
B8, 89, 90, 91 ; practical rule* for lap, expan- 
,uon, &&, 89 [ table of dimensions of gear, 136; 



three-ported, 199; long D, 199; piston-valve 
by Maadslay, 198; piston- valve with skewed 
porta, 199) equilibrium slide by Rennie and 
Penn, 199, 200; eipansion slide of Berenice, 
300 jOonienbach'e, 200 ; Cabrey's, 200; White- 
law's, 201 : Mayer's, 201 ; Bourne's, 201 ; attach- 
ment of end of short D valve-rod, 217; packing- 
port and cross-bar for, 217; method of lightening 
valve-packing, 317 ; method of preventing 
leakage at comers, 317; distortion of t ' 
bee by unequal eipansion, 317 ; various 
alt osed for valve facet, SIT; effect of copper 
and iron steam-pipes upon, 317; method of 
finishing valve faces by scraping and grinding, 
217; powdered Turkey oit-ttooe used by some 
for finishing the grinding instead of floar 
emery ; method of repairmg flaws in valves 
and cylinder*, 317; method of attaching brass 
valve-fb^es, 317. 

Valves, stop, 323. 

Variable expansion gear of locomotives, 200.238. 

Waddlngton'* smohe-hnming Aimace, SI. 

Walker's smoke-burning fanace, 49. 

Waste steam-pipe, to find diameter of; 139. 154. 

Waste water-pipe, to find diameter of, 139. 154. 

Water requii^ for feed, a cubic inch of water 
makes a cubic foot of steam, 319. 

W^ter required for condensation, 315. 

Water evaporated by various boilers, 81. 

Water in boiler, to find the quantity of, 109. 

Water surface of boilers, proportion of, per hone 
power, 48, 109. 

Water gauge, 170 ; of locomotive*, 235. 

Watt (James), philosophical instrument-maker at 
Glasgow, experiments on a model sent to h' 
for repair, association with Dr. Roebuck, 1 
first patent, transfer of Roebuck's share 
the patent to Bonlton, 10; coDdensation by e 



temal cold, application of the cylinder cove 
and steam jacket, engine with pitton risini 
in vacuo, Boulton's rule for consumption o 
fuel in Watt's engines, 1 1 ; discovery of tli 
principle of expansion, 12 ; single-acting engiu< 
introduced into Cornwall, and patent ii^nged 
13, 14 ; litigation, 14 ; introduction of Ihi 
crank, 14. 16, 17; Albion mill engines, 17 
son and planet wheels, 17 ; parallel motion, 17 
18; throttle valve, 18; governor, 18; linea 
ments of Watt's genius, the Shakespeare o 
mechanical science combining imagination wit] 
judgment, fbndness tor self-created idea 
arises fhmi penury of imagination. Watt' 
eminence partly due to hi* miscellaneons know 
ledge and absence of technical truning. Lori 
Jeffreji'a account of Watt, profun£ty of Watt' 
invettigations, 31 ; principle of action of steal 
engine perfected bj him ; though the steal 
engine be supersede tiis name will live; moc 
of the great improvements of Uie age have hai 
their origin or practical development at Boul 
ton and Watt's ; collateral benefits of Watt' 
invention in reconciling strength with accorac; 
of manufacture. Watt's personal charactei 
necessity of imagination for the engineer a 
well as knovled^ of facts, 22 ; Watt's paten 
for burning smoke, 49. 

Wheels, locomotive, 236. 

Williams's amoke-buming fanace, 49. 

Wire bonnet for locomotive chimneys, 333. 

Wladimir steamer, boilers of, 74. 

Wood's rotatory engine, 187. 

Wooir* double cyhndei engine, 173. 175. 

Worlting-beama Sit Beams and Main Beams, 

Yole'l rotatory engine, IBB. 
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lamb's patent scale preventer. 
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